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Cincinnati Union Terminal ordered their first 
MacARTHUR Cased Piles in January, 1930... 
since then we have had 14 other contracts for 
this project, and the 6,595 pile contract for the 
Union Passenger Station 


HE Terminal development at Cincinnati 
is one of the big projects of 1930-31. 
After exhaustive tests the first contract for 
MacArthur Piles was placed in January of 
last year. Our handling of the contract was 
so satisfactory that we have secured fifteen 


additional contracts. The latest, received on 


April 22. was for 6.595 Piles to support 
| PI 


Typical pier of the 4600 MacArthur Cased Composite Piles 

driven for the Western Hulls Viaduct, Cincinnati Union the Union Passenger Station. Driving was 
Terminal Company, Cincinnati, O. Col. Henry M. Waite, " 
Chief Engineer. started on April 30, and our speed schedule 


calls for completion on July 


We continue to drive every type of pile 
because our twenty-one years’ experience has 
proved that no one type of pile is best for 
all soil conditions. No pile contract is too 


large or too small to receive the service 


which has built our reputation for speed 


Section of the 2542 MacArthur Composite Cased Piles driven and dependability. 
for the City of Detroit, Mich. Dept. of Water Supply at 
Springwells Station site. Photo taken May 28, 1930. 


Check your requirements against MacArthur qualifications: 
Product . . . proven Clientele . . . illustrious 
Experience . . 21 years Responsibility . demonstrat 
Equipment... latest Engineering . sound 
Resources . unlimited Performance ... 
° . , 19 WEST 44th STREET, NEW YORK, N. Y. 
Branch offices 
Composite Piles (Cased Concrete and Wood CHICAGO NEW ORLEANS PITTSBURGH CLEVELAND BOSTON 
Fig. 1 —Core and casing driven into the ground. Fig. 2—Core with- PHILADELPHIA SOUTH JACKSONVILLE, FLA. BUFFALO WASHINGTON, P 
drawn and timber, with pan on shoulder, placed in casing. Fig. 3 CANADIAN MacARTHUR CONCRETE PILE CO., Lid., MONTREAL 
Timber guided by casing, driven down to give necessary bearing Butt 
of tember below ground water level Core withdrawn and permanent 
shell inserted through casing and locked to timber and pan. Fig. 4 Giles Drilling Corporation (an affiliated company) will welcome the oppor 
Casing withdrawa and concrete deposited in permanent corrugated shell. submit estimates on core borings or soundings of any de seri pli = 
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Atrnovucu built fifty years ago, this struc- 
ture is today a remarkable example of bridge 
construction and stands as a monument to 
James B. Eads, under whom it was designed 
and built. The late Joseph Pennell, world 
famous artist, always interested in the great 


structures of the day, said of it, “The greatest 


THE EADS BRIDGE 


@ 


x 


F 


bridge of its time—now there are three more 
of them, and this is thought old-fashioned, 
but it was built by a man who cared for line 
and he made one of the most beautiful 
bridges of modern times.” Reproduced from 
an original by courtesy of L. A. Wuerth and 


by kind permission of Mrs. Joseph Pennell. 
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IRVING TRUST BUILDING 
No. 1 WALL STREET 


New York, N. Y. 


VOORHEES, GMELIN & WALKER | 
Architects | 


MARC EIDLITZ & SON 


General Contractors 


FOUNDATIONS 
Installed by 


THE FOUNDATION COMPANY 


NEW YORK 
ATLANTA PITTSBURGH CHICAGO 
FOREIGN OFFICES 
LONDON ROME CARTAGENA SANTIAGO 
PARIS ATHENS LIMA BUENOS AIRES 
BRUSSELS TOKYO LA PAZ MONTEVIDEO 


Warehouses Railroads and Terminals - Foundations - Underpinning 


Hydro-Electric Developments - Powerhouses - Highways 
Mine Shafts and Tunnels 


Industrial Plants = - 
Filtration and Sewage Plants 
River and Harbor Developments - Bridges and Bridge Piers - 
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\mong Our Writers 


|. Srevenson has, in his long engineering 


reer, been responsible for the design, con + 


ruction, and operation of numerous sewerage 
wks for the City of Philadelphia During the 
ar he was Sanitary Engineer of the Emergency 
et Corporation of the U.S. Shipping Board. 
his capacity of Chief Engineer for the Pennsy! 
nia Department of Health, he has been in 
awe of the sanitary survey of many streams 
id has negotiated various interstate stream 
nservation agreements 


aces E. Ryper's engineering services for the 
cte of Pennsylvania began in 1907. As 
retary and Chief Engineer of the Water and 
wer Resources Board, he has been in immediate 
arge of stream gaging, has personally ex- 
ned and reported upon more than half of 
water-supply systems in the state and, 
e 1913, has passed upon the design and 
truction of all dams built in the state 


RAWN, prior to his work with the Los Angeles 
unty Sanitation Districts, was for almost 20 
urs with the U.S. Bureau of Reclamation. Some 

he more important engineering feats with 
ich his name was connected during this 

eriod were the Yakima, Boise River, King 
and Columbia Basin projects 


MBAD’'S engineeting experience covers a 
pan of half a century He has served as con 
iting engineer on many irrigation and water 
works projects and, since 1924, has been U.S 
Commissioner of Reclamation As such he is 
in charge of the Hoover Dam Project, one of 
the greatest engineering efforts ever undertaken 
by the United States. 


M. WESTERGAARD, a native of Denmark, has 
neineering degrees from universities both in 
this country and Europe. Since 1916, he has 
been on the faculty of the University of Illinois. 
During a leave of absence, 1929-1930, he was 


engaged by the U.S. Bureau of Reclamation 


technical studies for the Hoover Dam project. 


Morrison has combined a career of teaching 
ughway engineering in various universities with 
active engineering experience in such organi- 
rations as the Illinois State Highway Depart- 

the Michigan State Highway Laboratory, 
and the United Gas Improvement Company. 


M. VALpes, a graduate of the University 
{ Dayton in 1925 and an engineering graduate 
f the University of Mexico in 1928, was engaged 
1 the location of a portion of the highway 
tween Laredo, Tex., and Mexico City. For 


four years he was connected with various irriga- 


papers on these subjects. In 1929 he established 


projects of the Comision Nacioaal de 

Irrigacion. Under the direction of Julian Hinds, 

M. Am. Soc. C.E., he had charge of analyses, 

lesigns, and estimates of dams and structures 
he Calles Project. 


eces H. Lee has made a specialty of the 
application of geology, groundwater hydrology, 
an oil mechanics to engineering problems, 
and is the author of various reports and technical 


Pacific Hydrologic Laboratory to further 
tical application of the principles of hy- 
y and soil mechanics in engineering prac- 
He is also in consulting practice in San 


isco 


Kemper has, for 30 years, been a student of 
ippi River flood problems He is noted 
opponent of the “levees only'’ method of 

rol and the author of a work on Floods in the 

f the Mississippi. 
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THE MODERN WAY 
TO USE ASPHALT 


For pavement construction and repairs by penetration methods, there 
is no better buy today than Bitumuls. It is easy to apply—requires no 
heating — uses only simple equipment— and possesses superior binding 
qualities. It penetrates and thoroughly coats fine road metal and quickly 
develops full strength. Can be applied in mildly wet weather. Is durable, 
and has a permanently non-skid texture. No bleeding, corrugating or 
shoving. Stretch your paving budget by adopting Bitumuls for all your 
paving problems. For complete facts on “The Modern Way to Use 
Asphalt” write for a set of Bitumuls Bulletins. American Biturculs 
Company, Dept. 1, 200 Bush St., San Francisco, Calif. 


West Virginia. Bitumuls Re- lo | RETREAD AND ROAD-MIX 
R 
tread Pavement on Route WITH BITUMULS HRM 
No. 60, near White Sulphur ® MAINTENANCE | 
Springs. —| | WITH BIT-U-MULS H | 
| PAVEMENT CONSTRUCTION | 
WITH BIT-U-MULS | 
Virginia. Bitumuls Penetra- 
tion Pavement on roads and 
drives of Wm. Ziegler, Jr. . 
Estate near Middleburg. mae 
lo 
4 


California. Bitumuls Pene- a 
tration, U. S. Route No. 99, 
near Seugus, Los Angeles This complete set of value- 


County. 


Factories and Offices: BOSTON, BALTIMORE, CINCINNATI, ST.LOUIS, BATON ROUGE, LOS ANGELES, PORTLAND, ORE. Execative Office: SAN FRANCISOO 


ble paving bulletins is yours 
for the asking. 
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New Water Laws in the Making 


Principles Established by the U.S. Supreme Court in the Connecticut and Delaware River Cases 


By W. L. Srevenson, M. Ao. Soc. C.E. 
Curer EncIneer, PENNSYLVANIA DeparRTMENT OF HEALTH, HARRISBURG 
AND CHarRLes E. 
Curer Encineer, WaTeR AND Power Resources Boarp or PeNNsyLvANiA, HARRISBURG 


A NUMBER of new and fundamental points 
surrounding the use of water taken from 
interstate streams have been made clear by recent 
decisions of the U.S. Supreme Court. In their 
search for suitable additional domestic water, the 
engineers of both Boston and New York proposed 
to take water from upper tributaries, lying wholly 
within their respective states, of rivers that flow 
along or through adjoining states. Plaintiff states 
prayed to enjoin the proposed diversion but the 


in the interstate stream cases of Connecticut vs. 

Massachusetts and of New Jersey vs. New York, 
the guiding principles regarding the utilization of such 
waters. Since the records of these cases are voluminous 
and not readily accessible to the profession, this article 
will very briefly review the most important legal and 
engineering features. 

In the case of New York vs. New Jersey, 256 U.S. 296, 
the Supreme Court set forth its rule as to suits between 
states as follows: ‘Before this court can be moved to 
exercise its extraordinary power under the Constitu- 
tion to control the conduct of one state at the suit of 
another, the threatened invasion of rights must be of 
serious magnitude, and it must be established by clear 
and convincing evidence.”’ 


Lie E U.S. Supreme Court has recently laid down, 


THE CONNECTICUT RIVER CASE 


Urgent need to augment metropolitan Boston’s water 
supply led to the preparation of a plan for diverting, by 
gravity, water from the Ware and Swift rivers, which are 
relatively clean non-navigable Massachusetts tributaries 
of the interstate Connecticut River. The taking was 
1uthorized by the Massachusetts Legislature and per- 
mitted by the Secretary of War, who imposed certain 
limitations and required certain releases. Connecticut 
fled a bill of complaint to enjoin the diversion, alleging, 
among other things, that the common law doctrine of 
ian rights forbade any such diversion, particularly 
i the watershed, and that serious damage would 

to navigation, power, agriculture, the sanitary 
tion of the river, and fisheries. The relation of the 
a heds to the City of Boston is shown in Fig. 1. 


Court based both decisions on equitable apportion- 
ment to the extent of no substantial damage. In 
the use of interstate water neither the doctrine of 
riparian right nor prior appropriation applies, 
and the water need not be utilized in the watershed 
of the stream from which itis taken. From a maze 
of testimony, briefs, arguments, and the opinions of 
the Court, the authors have here extracted the salient 
points, which mark an advanced interpretation, 
bidding fair to revolutionize previous ideas. 


The Court appointed Charles W. Bunn of Miinesota 
as Special Master. On February 24, 1931, Mr. Justice 
Butler delivered the opinion of the Court, dismissing 
the Connecticut bill of complaint without prejudice. 


THE DELAWARE RIVER CASE 


The Delaware River is an interstate stream rising 
in New York and constituting the boundary, first be- 
tween New York and Pennsylvania, then between New 
Jersey and Pennsylvania, and finally between New Jersey 
and Delaware. The legislatures of New Jersey, New 
York, and Pennsylvania in 1923 authorized the appoint- 
ment of commissioners who negotiated a ccm, :ct 
allocating the water resources of the Delaware between 
the three states. The compact was ratified by the Legis- 
lature of New York only. A second compact, negotiated 
in 1927, provided for the diversion of water from the 
Delaware River or its tributaries of 600 m.g.d. by New 
York, 600 m.g.d. by New Jersey, and 900 by Pennsyl- 
vania, with provisions for released flows. This second 
compact was not ratified by New Jersey or Pennsyl- 
vania. 

New York, acting upon competent legal advice, then 
proceeded with its plan for diverting, at a rate of 600 
m.g.d., the impounded waters of the Neversink River, 
Willowemoc River, Beaver Kill, East Branch of the 
Delaware River, and Little Delaware River, all relatively 
clean non-navigable tributaries of the Delaware River 
in New York State, and for releasing water in accordance 
with the rule of the 1927 compact. The plan was ap- 
proved by the Water and Power Control Commission of 
New York State. This situation is shown in Fig. 2. 

New Jersey filed a bill of complaint to enjoin the 
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State and City of New York from carrying out this plan, 
alleging, among other things, that it would cause sub- 
stantial damage to navigation, water power, sanitary con- 
dition of the river, industrial use, oysters, shad fisheries, 
municipal water supplies, agricultural lands, and recrea- 
tion; and that the common law rule of riparian rights for- 
bade diversion, particularly out of the watershed. 

It is significant that the Supreme Court permitted 
Pennsylvania to intervene, not in the customary réle 
of a party plaintiff or defendant, but in the unusual 
character of an “intervenor’’ solely protecting its own 
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It offers a necessity of life that must be rationed among 
those who have power over it. New York has th 
physical power to cut off all the water within its juris 
diction. But clearly the exercise of such a power to the 
destruction of the interest of lower states could not bx 
tolerated. And on the other hand, equally little could 
New Jersey be permitted to require New York to give 
up its power altogether in order that the river might 
come down to it undiminished. Both states have rea! 
and substantial interests in the River that must be recon- 
ciled as best they may be. The different traditions and 


interests and in no wise aligned with 
either of the two original litigants. 
This precedent as between litigant 
states should prove of value in fu- 
ture disputes over the utilization of 
interstate waters, since it will per- 
mit each interested state to inter- 
vene without taking sides, and to 
act solely in the protection of its 
own peculiar interests and needs. 
rhe Delaware River case was re- 
ferred to Charles N. Burch of Mem- 
phis, Tenn., as Special Master. 

On May 4, 1931, Mr. Justice 
Holmes delivered the opinion of the 
Court allowing the New York di- 
version, in reduced amount, subject 
to certain conditions and the reten- 


GvuIDING PrINcIPLES FoR USE OF 
INTERSTATE WATERS 


1. The doctrine of equitable apportionment 
controls the division and use of interstate 
waters. 

2. Priority of appropriation creates no 
superiority of right in interstate waters. 

3. The highest use of interstate waters is 


Jor drinking and other domestic purposes. 


4. Injunctive relief will be granted only 
upon proof of present and substantial damage. 

5. Diversion will be allowed from one 
watershed to another. 

6. States may select sources of water supply 
provided no substantial damage is done to 
sister riparian states. 

7. Release of compensation water depends 
upon downstream river conditions and needs. 

8. Judicial allowance of diversion affecting 
navigation or navigable capacity is conditioned 
upon Federal approval. 


practices in different parts of the 
country may lead to varying results 
but the effort always is to secure an 
equitable apportionment without 
quibbling over formulas.” 

In the absence of a compact be- 
tween the three states, Pennsylvania 
as intervenor contended, first, that 
an award by the Supreme Court 
to New York should not constitute 
a prior appropriation because this 
would make the doctrine of appor- 
tionment inoperative and institute 
a wasteful tri-state competition for 
the waters of the Delaware River; 
and second, that any such diversion 
should be taken reasonably into 
account in any subsequent or final 
allocation of the waters of the 


tion of jurisdiction. The Court said: 
‘In a most competent and excellent 
report the Master adopted the principle of equitable di- 
vision which clearly results from the decisions of the last 
quarter of a century.”’ 

One of the main contentions raised in both cases was 
as to the law to be applied. Should the ancient and 
local state rule of common-law riparian rights be followed, 
or was there a newer and higher law—the interstate 
common-law rule of equitable apportionment? 

In answering this query in the affirmative, the Supreme 
Court, in the Connecticut River case, said: ‘For the de- 
cision of suits between states, federal, state, and inter- 
national law are considered and applied by this Court as 
the exigencies of the particular case may require. The 
determination of the relative rights of contending States 
in respect of the use of streams flowing through them 
does not depend upon the same considerations and is 
not governed by the same rules of law that are applied 
in such States for the solution of similar questions of 
private right. . As was shown in Kansas v. Colorado, 
206 U.S. 46,100, such disputes are to be settled on the 
basis of equality of right. But this is not to say that 
there must be an equal division of the waters of an inter- 
state stream among the states through which it flows. 
It means that the principles of right and equity shall be 
applied having regard to the ‘equal level or plane on 
which all the states stand, in point of power and right, 
under our constitutional system’ and that, upon a con- 
sideration of the pertinent laws of the contending States 
and all other relevant facts, this Court will determine 
what is an equitable apportionment of the use of such 
waters.” 

In the Delaware River case the Supreme Court 


said: “A river is more than an amenity, it isa treasure. 


Delaware River and its tributaries 
among the three states. 

The Court in its decree stated: “The diversion herein 
allowed shall not constitute a prior appropriation and 
shall not give the State of New York and the City of 
New York any superiority of right over the State of 
New Jersey and the Commonwealth of Pennsylvania 
in the enjoyment and use of the Delaware River and its 
tributaries.” Therefore, although the water needs of a 
state may lie in the future, yet they will be recognized 
and protected. Each state may claim its fair and equit- 
able share of water from interstate streams; and in the 
allocation of such water, the first taker may not claim 
more than its share and thus deprive another state of 
its quota. This ruling precludes any race for a preferred 
position as to limited interstate water. 

Many uses of water were discussed in these cases, so 
it is important to note that the Court in its opinion on 
the Connecticut River case said: “Drinking and other 
domestic purposes are the highest use of water. Ans 
ample supply of wholesome water is essential.”’ 

In the same case, the Master heard testimony as to 
two ways of augmenting Boston's water supply—first, 
impounding relatively pure water from tributaries of au 
interstate stream; and second, purifying polluted water 
of intrastate streams. 

The Master in his report referred to the divergen' 
views of water experts and said: “The difference betweet 
them seems partly to be a difference between two schools 
of thought. One looks most favorably on the sinner 
repentant, the other will have none of him except 0° 
compulsion. The one school has the fullest confidence 
in the processes involved in modern treatment of polluted 
water and lays less stress on pure source of supply. | 
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ffices them to feel that water will be delivered to the 

nsumer pure. The other school is skeptical about the 

fallibility of water purification processes and seeks 

iters that are pure at the source. They advise all 

ties and municipalities to obtain pure waters when- 
ever practical, instead of treating polluted waters.”’ 

In the Delaware River case, the Master said: ‘The 
modern tendency is to obtain for municipal supply 
the purest water possible and to make this water better 
and not to obtain less desirable water and render it 
acceptable by treatment and purification, though in- 
superable economic considerations frequently compel 
the latter course.” 


SUBSTANTIAL DAMAGE NECESSARY FOR INJUNCTION 


In the Connecticut River case, the Master and the 
Court found that carrying out the Massachusetts plan 
will not interfere with navigation, or do damage to the 
hay lands, to the shad run, or increase Connecticut 
River pollution. In the Delaware River case the Master 
found that the carrying out of the New York plan will 
have “‘slight’’ effect and no materially adverse effect on 
the navigation and navigable capacity of the river; and 
upon sanitation, municipal water supplies, industrial 
use of water, agriculture, and shad fisheries the effect 
would be “slight and immaterial.’’ But he also found that 
it would cause “somewhat more than slight damage”’ 
to recreation and the oyster industry, and that ‘‘totaling 
all the effects of the New York diversion indicates a sub- 
stantial damage to New Jersey and its citizens and a 
greater damage than New Jersey should be required to 
bear and more than New Jersey should be required to 
yield to other states in the enjoyment of a common 
stream. ...Any substantial damage to New Jersey 
and its citizens can be removed by reducing the volume 
of the New York diversion and by modifying the plan of 
releasing water into the river from impounding reservoirs 
during periods of low flow in the river (thereby increasing 
the flow in the river during low stages), and by treat- 
ment of sewage and industrial waste at Port Jervis.” 

rhe Court in its opinion affirmed the Master and in 
its decree reduced the New York diversion from 600 
m.g.d. to 440, and required the use of the Pennsylvania 
plan of release. 

It is of interest to the engineer to note the legal view- 
point that the summation of several different kinds of 

slight or somewhat more than slight’’ damage equals a 
substantial’ damage which can be removed by reducing 
the causes, that is, by reducing the amount of diversion 
and pollution load and by increasing the refreshing 
influences, by a rule of releasing stored water. 

Connecticut claimed that the Massachusetts diversion 
would adversely affect the development of power, and 

n this the Master said: ‘‘Only one possible power 
development is shown. This is at King’s Island, in 
Connecticut near the state line where 4,000 horsepower 
is now developed at a 24-foot head. The company which 

this power has been authorized by the Federal 

r Commission to build a higher dam to develop ap- 

mately 50,000 horsepower. This work, so far as 
‘csumony shows, has not been resolved on by the 
ny, and so far as shown the required capital has 
en subscribed or arranged for.”’ 
the Court included in its opinion: “At most 
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there is a mere possibility that at some undisclosed time 
the owner, were it not for the diversion, might construct 
additional works capable of using all of the flow of the 
river including the waters proposed to be taken by 
Massachusetts. Injunction will not issue in the absence 
of actual or presently threatened interference. The 
facts disclose no basis for relief in respect of that 
property.’’ And the Court also said: ‘Injunction issues 
to prevent existing or presently threatened injuries. 
One will not be granted against something merely feared 
as liable to occur at some indefinite time in the future.”’ 

In the Delaware River case, one of the objections of 
New Jersey to the New York diversion was that it would 
injuriously affect water-power rights and the ability to 
develop water power on the Delaware River. Much 
testimony was submitted by New Jersey intending to 
show the feasibility of hydro-electric power develop- 
ment. The Master found that there was no definite 
project for the development of power on the Delaware 
River and said: ‘‘The whole matter seems to reduce itself 
substantially to this, to wit, that there may be formulated 
at some time in the indefinite future a plan for construct- 
ing dams in the Delaware River and its tributaries to 
be operated as one whole system and, in the event this 
is done, and in the further event that Congress, the 
States of New York, New Jersey and Pennsylvania 
grant their consent, then in such event the carrying 
out of the New York plan would interfere with the execu- 
tion of such project. It seems to me that this does not 
form a basis for injunctive relief.’ 


FUTURE WATER SUPPLY DEVELOPMENTS 


Pennsylvania contended that Philadelphia and other 
Pennsylvania municipalities must depend upon the 
tributaries of the upper Delaware River as a source of 
future water supply, and introduced proof to show that 
Philadelphia and Eastern Pennsylvania would by 1980 
have need of 750 m.g.d. from the Delaware River and 
its tributaries for purposes of municipal water supply. 

The Master reported: ‘‘The proof of Pennsylvania, 
however, failed to show that there was any officially 
authorized plan or any definite project for the taking by 
Philadelphia and Eastern Pennsylvania of 750 million 
gallons daily’ ; and also, ‘“The judicial power of the Court 
under the Constitution extends only to actual cases and 
controversies and the court is without power to render 
a declaratory judgment to the effect that, in the event 
the City of Philadelphia and Eastern Pennsylvania 
should desire to take waters from the Pennsylvania 
tributaries of the Delaware they would be entitled to 
750 million gallons daily.” 

In its decree the Court said: ‘“The prayer of the inter 
venor, Commonwealth of Pennsylvania, for the present 
allocation to it of the equivalent of 750 million gallons 
of water daily from the Delaware River or its Pennsy]- 
vania tributaries is denied without prejudice.” 

The Master in the Connecticut River case found the 
Connecticut River to be polluted both from sewage and 
factory wastes. But in both direct and cross-examination 
it was stated that nobody would be able to tell the differ- 
ence if 5 per cent of the water or of the oxygen were 
taken out or added to the river at the state line. The 
diversion represents an average yearly subtraction from 
the flow of the Connecticut at the State line of about 2 
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per cent. The Master reported that the proposed di- 
version would not perceptibly increase Connecticut River 
pollution and this was affirmed by the Court. 

Sanitary surveys of the Delaware River were inde- 
pendently made by New Jersey and Pennsylvania during 
the low flows and warm weather of the summer of 1929 
and the results submitted in evidence. There also was 
much testimony as to the effect upon the sanitary condi- 
tion of the Delaware of diversions and releases, and the 
Master said that the Delaware River is a large stream 
and a relatively clean stream in the non-tidal section, 
with the exception of a polluted condition from sewage 
and industrial wastes immediately below Port Jervis, 
but that this impairment can be eliminated by requiring 
sewage treatment at Port Jervis and by changing the 
amount of water taken by New York City and the plan 
of release. In accordance with the recommendation of 
the Master, the Court placed in its decree a requirement 
for the treatment of Port Jervis sewage, ‘‘to effect a 
reduction of 85 per cent in the organic impurities’ and a 
reduction of 90 per cent of B.coli. It also required 
treatment of industrial wastes to render them practically 
“free from suspended matter and non-putrescent.” 

In both cases the plaintiff states objected to diversion 


Vou 1, No. 


of water from one watershed to another. The masters 
and the Court held that the diversion of a state’s equit- 
able share to another watershed was not in itself a ground 
for injunctive relief. 

In the Delaware River case the Court, having stated 
that the principle of equitable division clearly results 
from the decisions of the last quarter of a century, con- 
tinued: ‘Where that principle is established there is not 
much left to discuss. The removal of water to a different 
watershed obviously must be allowed at times unless 
States are to be deprived of the most beneficial use on 
formal grounds. In fact, it has been allowed repeatedly 
and has been practiced by the States concerned.”’ 

In both cases the plaintiff states objected to the use 
of interstate waters because they alleged and submitted 
voluminous evidence to show that intrastate sources 
must be exhausted before resorting to interstate supplies, 
The Court in both cases upheld the right of a state to 
select its own water supply, subject only to the limitation 
that the choice of interstate waters must not cause serious 
damage to other states. 

Connecticut submitted in evidence two projects for 
increasing the water supply of Boston from intrastate 
sources. The first was from 15 separate watersheds, 
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st of the water of inferior quality, some of which would 

ve to be filtered and some pumped. The second was to 
-ump water from the Merrimack River, of which a large 
cart of the catchment area is in New Hampshire, is 

pulated, and has a large factory development upon 
:, so that the water is polluted and there is no certainty 
{ its improvement. 

It was agreed by all the witnesses that such water 
would need full and complete modern treatment, and 
thereby could be made hygienic. But the Master said 
the first and one of the most important objections is that 
treatment introduces a human element subject to all 
the weaknesses and failures of human nature. 

[he Master also recognized the weight of public 
opinion and stated: “The people of Massachusetts are 
not accustomed to fitting by modern treatment badly 
polluted waters. It is natural that such people should 
have a peculiar hostility to polluted water. Our govern- 


River as a source of water supply for the City of 
New York? My conclusion is that they are not pre- 
cluded from so doing merely for the reason that there 
are other sources of supply in the State of New York, 
the taking from which could not affect other states.”’ 
The Court affirmed the Master. 


RELEASE OF COMPENSATION WATER REQUIRED 


In both the Connecticut and Delaware River diver- 
sions, water will be released from storage for the purpose 
of augmenting the flow in the Connecticut and Delaware 
rivers at certain times of the year or stages in the river, 
and in specified amounts. The Supreme Court, in the 
Delaware River case, definitely fixed the rule of release, 
whereas in the Connecticut River case there was no such 
determination by the Court. In the Massachusetts 
diversion, the Secretary of War “required a discharge 
from the Swift river reservoir during the critical period 


ments in the long run 
are controlled by public |*"™« 
opinion. And while an 
expert on water, acting 
in a strictly professional 
capacity, may say that 
he will disregard public 
opinion, municipal and 
other governments can- 
not take that stand. The 
courts, it seems to me, 
cannot close their eyes to 
the necessities imposed 
by public opinion on 
governments.’ He also 
said: “It seems to me 
the court upon the evi- 
jence given cannot un- 
iertake to administer the 
internal affairs, including 
water supplies present 
and future, of northeas- 
tern Massachusetts. ... 
I tind the taking from the 
Merrimack ought not to 
be imposed upon the Bos- 
ton District."” The Court 
approved the Master’s 
conclusion. 
In the Delaware River 
ase, New Jersey sub- 
mitted a number of plans 
whereby New York could 
Stain ample increase of 
water supply from 
tate sources, there- 
Jleging “‘non-neces- 
) divert interstate 
waters. The Master dis- 
u this and said: 
‘cc whole question is, 
the State of New 
ind the City of 
‘ ork the right to 
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of low water, which would increase instead of diminish 
the flow of water in the Connecticut, and to that extent 
better navigation. 

In the case of the Ware River, the Secretary of War 
permitted diversions in excess of a river discharge at the 
rate of 1.34 c.s.m. (sec-ft. per sq. mile of tributary 
drainage area), between October 15 and June 15, and 
prohibited the taking of any water for the remaining 
four-month period of the year. Releases were required 
from the Swift River Reservoir at the rate of 0.17 c.s.m. 
throughout the year, except that during the six-month 
period between June | and November 30, it will be 
necessary to release 0.59 c.s.m. when the flow in the 
Connecticut River at Sunderland is less than 0.58 
c.s.m., and 0.38 c.s.m. when the flow is less than 0.61 
c.s.m. and more than 0.58 cs.m. “The Secretary of 
War. . . made orders modifying and reducing the diver- 
sion of Ware and Swift water which would have been 
possible under the Massachusetts legislation.”’ 


RELEASE OF DELAWARE WATER DETERMINED 


The rule for releases in the Delaware River case differs 
materially from the War Department requirement in 
the Massachusetts diversion, as no release at all will be 
required from the New York storage reservoirs when the 
flow in the Delaware River at Port Jervis or Trenton is 
in excess of 0.5 c.s.m. The New York plan of release 
and the modified plan developed by the Commonwealth 
of Pennsylvania, which plan was adopted by the Special 
Master and included in the decree of the Supreme Court, 
were founded on the principle of releasing compensation 
water during times of low flow, when it would be most 
advantageous to the various needs for water. 

Under the Pennsylvania plan of release, at any time 
that the flow in the Delaware River at Port Jervis or at 
Trenton falls below 0.5 c.s.m., water will be released from 
the impounding reservoirs in sufficient quantity to restore 
the flow to 0.5 c.s.m., provided, however, that there 
is not required to be released at any time more than 30 
per cent of the average rate of yield of the diversion 
area. As the evidence showed the average run-off 
from the New York diversion area to be 2.2 c.s.m., 
the Court determined that 30 per cent of this amount, 
or 0.66 ¢.s.m., was the maximum rate of release under 
the Pennsylvania plan. This plan was developed with 
the intention of devising a rule for release which would be 
flexible enough to apply to any development for diversion 
of the tributaries of the Delaware River in any or all 
three states, up to 1,750 m.g.d. without injury to the 
river. The maximum rate of release under this plan 
is variable, depending upon whether the rate of yield 
from the diversion area is high or low, and this feature 
of the plan makes possible its application over the entire 
Delaware basin. 

In comparing the New York and rennsylvania plans 
of release, the Special Master stated, in part: ‘“‘The 
theory of the Pennsylvania plan of release (and I think 
this theory sound) is that water should be released 
from the impounding reservoirs whenever the river 
drops te a low stage at either Port Jervis or Trenton. 
In this manner the regimen of the river between Port 
Jervis and Trenton can be better preserved’; and, “I 
also find that when the natural discharge of the river at 
Port Jervis is low, that flow will generally but not always 
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be increased under the operation of the New York plai 
of releases and will always be increased under the opera- 
tion of the Pennsylvania plan of releases. I am using 
here the term low flow as a flow below .45 cs.m 
(1,381 c.f.s.).” 

It has been noted how the Master and the Court in 
the Connecticut River case recognized the limitation 
of diversion by Massachusetts of the Swift and Ware 
waters by the Secretary of War in the interest of naviga- 
tion. In the Delaware River case, the Master called as 
his own witness George B. Pillsbury, M. Am. Soc. 
C.E., Assistant Chief of Engineers of the United States 
Army, who became well acquainted with the proposed 
plan of the City of New York while acting as District 
Engineer at Philadelphia. It was testified by General 
Pillsbury that careful and detailed computations were 
made by the Army engineers to determine the effect of 
the proposed diversion and releases on navigation and 
on the navigable capacity of the Delaware River. He 
gave the results of these studies at various stages of the 
river, and testified that ‘‘these small differences are far 
below the accuracy obtainable in dredging and surveying 
the channel and are far beyond the practical utilization 
of the channel for navigation.” 

As a result of these studies, General Pillsbury said: 
“I, therefore, reported to the Department that in my 
opinion the Department was not justified in intervening 
in the case at the present time on account of the effect 
of the diversion on navigation.” 

The Master found that: “The City of New York has 
not applied to Congress or the Secretary of War or the 
Chief of Engineers of the United States Army for per- 
mission to make the proposed diversion, but has ac- 
quainted the War Department with its plan of diversion 
and the War Department has been furnished with a 
transcript of the proceedings in this cause.” 

In its decree, the Court said: ‘‘This decree is without 
prejudice to the United States and particularly is sub- 
ject to the paramount authority of Congress with respect 
to navigation and navigable waters of the United States 
and subject to the powers of the Secretary of War and 
Chief of Engineers of the United States Army in 
respect to navigation and navigable waters of the United 
States.” 

FINDINGS SUMMARIZED 


To recapitulate, the Supreme Court of the United 
States has declared that the division and use of inter- 
state waters is not governed by the local law of the lit 
gant states but is controlled by interstate common law 
a guiding principle of which is equitable apportionment 
Under such an apportionment, each state is entitled t 
its fair share; and priority of appropriation confers 10 
superiority of right. 

Furthermore. the diversion of interstate waters, eve! 
to another watershed, will be permitted in the absence ©! 
proof of substantial damage resulting therefrom, bu! 
subject always to the approval of Federal authorities 
respecting navigation. The selection of interstate water 
as a source of supply is primarily a matter oi sta 
sovereignty, providing sister states do not thereby sulle 
serious injury. As an incident to such a selection, ‘ 
Court may prescribe as a condition that compensate! 
water be released from the impounding reservoirs 
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Novel Sludge Digestion Tanks Completed 


Separate Digestion of Primary Clarifier Sludge from Forty Million Gallons of Sewage Daily 


Memser AMERICAN Society oF Crvit 


By A. M. Rawn 


ENGINEERS 


Assistant Cuier ENcineer, Los County Sanrration Disrricrs, Los ANGELES 


ROM a review of current prac- 
tice in separate sludge digestion 
it is evident that the popular 
method for achieving this objective 
is to run the raw sludge into tanks 
equipped with stirring or mixing 


IT N_ designing the sludge digestion 

tanks which have just been completed 
at the Joint Disposal Plant of the Los 
Angeles County Sanitation Districts, 
advantage was taken of the greater 
Specific gravity of the more completely 


separated out and passed ahead with 
the ripened sludge, it may be seen 
that a tank or group of tanks of given 
capacity may be thus used to digest 
a larger gross quantity of solids than 
when the entire bulk is retained in the 


devices, permit it to undergo a_ digested sludge. 
period of bacterial decomposition 
ranging in length from 35 days up- 
ward, and then draw from the tank 
bottom a concentrate of ripened 
sludge. Most such tanks are op- 
erated on a continuous basis, that 
is, after they are once filled, the raw 
sludge additions are compensated 
for by the drawing off of digested 
sludge and supernatant liquid— 
regulated somewhat to meet sludge 
drying facilities. 

Some digestion plants operate on the 
a sludge circulation principle, and 
mixing is accomplished by drawing 
ripe sludge from the bottom of a 
tank and discharging it again into 
the same tank at the top. Such 
tanks have as a rule no other mechanical stirring de- 
vices and operate on a continuous basis in other respects. 
There is also a draw-and-fill process known as stage 
digestion, in which mixing is accomplished by emptying 
the entire contents of one tank into another, at a certain 
stage in its digestion, by which process it is thoroughly 
mixed or stirred. Combinations of the types of tanks 
have been used from time to time, and it is usually found 
that any means which will stir up the sludge constantly 
or periodically, releasing entrained or entrapped gases 
and seeding the top material with that from the tank 
bottom, appears to increase the efficiency of the process 
and shorten the time required for digestion. 

A characteristic of sewage sludge is that, when di- 
gested, it has a higher specific gravity, on the average, 
than when undigested. It is also well known that a 
high percentage of sewage solids is inorganic and that 
upon these the digestion process has no important effect. 
(hese inorganic solids are also, as a rule, heavier than the 
run of organic solids. Sludge digestion is essentially 
ie reduction of organic material by liquefaction, gasifi- 
cation, and change, to a more stable composition. Thus 
the digested sludge is a combination of the original 

rganic, the metamorphosed organic, and such other 
‘ganic solids as the reduction process will not influence. 
he time of detention, other factors being equal, has a 

or influence on the reduction of the organic solids, 

| if this influence can be brought to bear upon the 

cted organic materials, with the inorganic materials 
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gregation. Tank No. 2 


In a series of four 
tanks to each battery, 
which settle to the bottom of each tank, 
are progressively moved forward by 
gravity to the top of the next tank, leav- 
ing the lighter, more volatile materials 
behind for a longer digestion period. 
More than enough gas is to be collected 
to heat the sludge to the temperature most 
favorable for rapid digestion. 
circulation of sludge will be handled by 
simply designed gas lifts utilizing com- 
pressed captured gas and operating on 
principle. 
originally presented before the Sanitary 
Group of the Los Angeles Section of the 
aroused much interest in this 
nearly automatic sludge digestion plant. 
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tanks until completely digested. 

On this principle of the segregation 
of solids, the new sludge digestion 
tanks recently completed at the Joint 
Disposal Plant of the Los Angeles 
County Sanitation Districts have 
been designed. Coupled with the 
main feature are interesting facilities 
for gas collection, temperature con- 
trol, pH adjustment, and sludge 
recirculation, the latter by two inde- 
pendent processes. 


the inert solids, 


Interior 


This paper, TESTS JUSTIFY DESIGN 

Before designing these tanks, a 
plant scale experiment incorporat- 
ing their main features was con- 
ducted. For this experiment, two 
idle clarifier tanks and five idle 
aeration tanks were used, as shown in Fig. |. The tanks 
were uncovered and no temperature adjustment was 
attempted. Raw sludge was pumped into one of the 
35-ft. square clarifiers (I), where pH adjustment was 
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Fic. 1. EXPERIMENTAL SERIES ON SLUDGE DIGESTION 


made—originally by liming and later by the addition 
of predetermined quantities of ripened sludge. 

From the bottom of the first clarifier (1), sludge was 
withdrawn and placed in the next clarifier (II). From 
the bottom of the second clarifier tank, it progressed 
in order to one of the long narrow aeration tanks (III), 
from the bottom of which it was pumped to one of two 
pairs of similar aeration tanks (IV and IVA) parallel 
to and alongside of the aeration tank. This constituted 
four steps in progression, each succeeding stage tank 
being filled with sludge from the bottom of the next 
preceding. Mixing in each tank was accomplished 
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periodically by inserting an air jet along 
the tank bottom and rolling the sludge 
upward with air bubbles. 

As contrasted with the draw-and-fill 
stage process previously mentioned, in 
which the entire content of one tank is 
transferred to the next succeeding, all 
of these experimental tanks were kept 
filled, the sludge daily transferred ahead 
being equal in amount to the additions 
to Tank No.1. Thus only such solids 
as might readily sink to the bottom of 
each tank were advanced to the next. 

Although no temperature adjustment 
was possible, the results were very satis- 
factory. Sludge containing 65 per cent 
of organic solids was reduced to that 
containing 43 per cent of solids in 20 
days in summer temperatures, resulting 
in a fast-drying, homogeneous, inodor- 
ous sludge. Such reduction compares 
favorably with the optimum readily 
obtainable at this plant, which is a 
sludge containing 33 per cent of organic material at the 
expiration of 120 days of digestion. 

On a smaller scale, digestion was tried with tempera- 
ture adjustment. This experiment was conducted in a 
wood-stave tank 7 ft. in diameter and 22 ft. deep, with 
a sludge depth of 20 ft. Temperature was maintained at 
85 deg. fahr., and the pH adjusted by the addition of 
seeded sludge. Gas was collected and measured and 
circulation maintained with an automatic gas-lift device. 
The experiment, while not along the lines of stage di- 
gestion, served many purposes. 


SLUDGE 


TANK CONSTRUCTION 
June l, 
Sludge Drying Beds and Clarifiers 
in Background 


Degree of stratification was deter- 
mined, that is, the segregation of solids 
occurring at different levels was mea- 
sured and the solids at several levels 
were analyzed for organic and inorganic 
content, and for fats. The quantity 
of gas per unit of volatile content was 
determined and the acceleration of 
digestion due to heating, as well as 
the heating requirements, were found. 
Thus this experiment, coupled with 
the large-scale stage experiment, pro- 
duced facts concerning the process 
upon which the details of a plant de- 
sign could be based. 

So that a clear conception of what 
is being accomplished with the new 
tanks may be gained, the progress of 
the raw solids will be traced from the 
sewage intake to the sludge drying 
beds, after which some of the design 
elements will be considered. 

Solids from the raw sewage at the 
Joint Disposal Plant are at present collected in four 
primary sedimentation tanks, each 12 by 12 ft. in section 
and 50 ft. long. They are removed from the tank floors 
to end hoppers with continuous bottom sweeps. From 
the sedimentation tanks, the solids are pumped, at a 
moisture content of about 96 per cent, to a parallel fifth 
tank exactly like the other four, in which they concen- 
trate overnight. From the fifth, or “thickener tank,” 
they are drawn, at an average moisture content of 90 per 
cent, and introduced into Tank No. 1 of one of the 
batteries of sludge digesters, shown in Fig. 2. 

With the incoming raw solids there is 
introduced approximately 20 per cent 
by volume of well digested seed sludge, 
the purpose of which is to promote the 
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optimum pH and introduce the neces- 


sary bacteria for accelerated digestion. 
Raw sludge and seed are delivered into 
the two outside bays of the first tank 


of a battery. The outer bays are 
separated from the middle bay by cur- 
tain walls extending nearly to the tank 
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bottom. Thus the separation of 
sludge into its component parts by 
specific gravity begins immediately, 
because it is necessary for sludge to 
sink to the bottom of the mass to get 
to the central bay. 

From the end hopper, located in the 
central bay, sludge is delivered by 
gravity into the two outside bays, of 
Tank No. 2 through two diagonal riser 
pipes. The flow from the central bay 
of Tank No. | to the outer bays of Tank 
No. 2 is dependent on the sludge level 
in Tank No. 1, and therefore corre- 
sponds roughly to the inflow of raw and 
seed sludge. The only sludge which 
can progress to the second tank must 
come from the bottom of Tank No. |, 
and advantage is here again taken 0! 
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-gregation. Tank No. 2 

a duplicate of Tank No. 1 
xcept that a little less 
reeboard is provided for 

umandfoam. The pro- 
ess of progression to and 
through each succeeding 
‘ank of the four is alike in 
that only bottom sludge is 
constantly moving ahead. 
lhroughout, advantage is 
taken of the disposition of 
the heavier, more inert 
solids to settle to the bot- 
tom in that they are se- 
lected constantly for pro- 
gression, while the lighter 
constituents, containing 
the largesi proportion of 
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well following Tank No. 4, 
sludge is pumped to the 
drying beds. 

Tanks 1, 2, and 3 are equipped with gas lifts for interior 
circulation. These are simple in construction and 
economical in operation; they are designed on the 
air-lift principle, but use captured gas in place of air. 
They have great proportionate submergence and high 
resulting efficiency. It is thought that periodic recircula- 
tion by this method will prove sufficient. However, 
each tank is also equipped so that sludge may be re- 
circulated within the tank with pumps, a method some- 
what more expensive but already proved successful. 
The last-mentioned operation is accomplished at small 
additional cost in this set-up and is thought advisable 
until the merit of gas-lift recirculation is proved beyond 
doubt. 

There are no gas lifts in Tank No. 4. In this tank an 
effort is being made to draw off supernatant liquid, for 
which provision has been made. It is thought that 
supernatant liquid from Tank No. 4 will be inodorous 
and otherwise inoffensive as contrasted with that from 
a single tank operated on a continuous basis, where the 
supernatant liquid removed contains an undigested 
solids content of high bio-chemical oxygen demand, 
and is potentially putrefactive. 
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GAS-TIGHT COVERS PERMIT GAS COLLECTION 


All of the tanks are covered with a concrete slab so 
designed as to permit of contraction and expansion 
without cracking. The top slab, 8 in. in thickness, is 
jomed to the walls with copper flashing. This slab is 
attached to columns and curtain walls and rests on the 
continuous wall bracket. Gas will be exhausted from 
the tanks with an automatically operated gas pump, 

ch will start and stop with slight changes of internal 
tank pressure, a feature considered advisable because of 
‘ inability to secure gas-tight concrete slabs. The 
‘lab will be entirely covered with 12 in. of earth. 
ntrance into each tank is provided through a manway 


SKELETON SKETCH OF ONE D1GesTION UNIT 


closed with a water-sealed cover. Each cover is provided 
with a ship's port-hole light for observation. The man- 
ways also serve as gas collection domes. There are 
three sampling wells in each tank, one to a bay. Each 
consists of a 6-in. pipe extending through the top slab, 
submerged 3 ft. at the lower end. All are capped. 

Tanks 1, 2, and 3 are each equipped with eight recircu- 
lation gas lifts, three in each of the outer two bays and 
two in the middle bay. In addition to vertical circula- 
tion, these lifts disturb the bottom sludge enough to keep 
it moving along. The bottom slope of the floors is de- 
signed from data given by John R. Downes in Water 
Works and Sewerage, July 1930, as substantiated by 
observation at the Joint Disposal Plant. The vertical 
offset of the four tanks in each battery is based on 
experience at the Joint Disposal Plant. 

Each battery is roughly 150 by 50 ft. in plan, with a 
sludge depth averaging 15 ft. The tanks are about 37 
by 50 ft. in plan, each divided into three connected 
bays approximately 37 by 17 ft. in plan. The capacity 
of each battery is therefore about 900,000 gal., which, 
on the basis of the amount of sludge captured at the 
plant, will treat the primary clarifier solids from 20 m.g.d. 
for an 18-day detention period. Results at the plant 
indicate that this should be about the average period of 
detention. Thus the two batteries are seen to have 
a sludge capacity capable of caring for the settled solids 
from a flow of 40 m.g.d. of sewage. 

In the accompanying panoramic view, the double- 
plank footway in the foreground leads to the corner of 
Tank No. 1 of Battery B. On the top of this tank 
may be seen the two manways which lead into the three 
connected bays of Tank No. 1. Tank No. | of Battery 
A, the two manways of which are also visible, is in the left 
background. The first vertical offset to the right of Tank 


. No. 1 Battery B, is to the top of Tank No. 2; the second, 


to Tank No. 3; and the third, to Tank No. 4. The 
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Raw StupGe AND StupGe CIRCULATION 


pipe line leading over the right edge of the tops of the 
tanks is for sludge recirculation. 

The raw sludge inlet line may be seen in the foreground, 
in front of the first manway into Tank No. 1, Battery 
B. In the left foreground is the concrete gas-holder 
structure. The metal tank has not yet been constructed. 
Another illustration shows a detail of the raw sludge 
inlet piping and the sludge circulation pipes on the two 
No. | tanks. 

The contract price of the two batteries complete is 
$107,000, to which must be added the cost of the pumps, 
about $3,000 installed. At a total of $110,000 for the 
complete unit, the cost per million gallons of flow is 
$2,750, a price which it is thought compares favorably 
with that for separate digestion elsewhere. 

Should the units as built be used to digest solids from 
complete treatment, such as by activated sludge, then 
the capacity of the digestion plant will be reduced by 
about one-half, and the unit cost for the construction 
will be doubled. 

Gas production is expected to be about six times the 
gas requirement for sludge heating and, as need dictates, 
a use will be developed for the excess. Specifically, 
each battery should develop about 50,000 cu. ft. of gas 
per day, having a calorific heat value of about 700 B.t.u. 
percu.ft. Of this, about 8,000 cu. ft. per day will be re- 
quired for heating. Radiation losses per battery per day 
are computed at 4,000,000 B.t.u., and heating require- 
ments at an additional 7,000,000 B.t.u. Many uses are 
suggested for the excess gas, among which the most 


Pipes ON THE No. 1 TANKs oF BATTERIES A AND B 


promising are incineration of screenings and mechanical 
sludge drying. 

Temperatures will be measured by electric indicating 
thermometers located in each tank and on hot and return 
water lines. Heating coils are placed in each bay, with 
the larger surface of radiation in the No. | tanks. Water 
for the coils will be heated in a 20-hp. boiler and wil! 
enter the lines at 135 deg. fahr., returning at 100 deg. + 
Automatic gas control, both on and off, is provided. 

Each tank is so designed that it may be by-passed and 
cut out of the process. The same hook-up of lines to 
pumps, with small additional piping, forms a sludge 
recirculating system. The same battery of pumps, two 
in number, will be used for seeding, recirculation, or dis- 
charging to sludge beds, as required. 

The entire process was designed to secure simplicity 
of construction and operation. The tank design is plain 
and rectangular, with full advantage taken of community 
walls. Should the recirculation of sludge within the 
tanks be accomplished satisfactorily by the gas lifts, all 
other digestion operations will be automatic, except the 
decantation of the supernatant liquor which, with sludge 
thickening, may not be advisable. If the tanks perform 
as anticipated, the operation costs should be very low. 

Designs for this plant were made under the direction 
of A. K. Warren, Assoc. M. Am. Soc. C.E., Chief Engineer 
of the Los Angeles County Sanitation Districts, and con- 
struction of the work described was done by contract 
The work was completed and the plant placed in opera- 
tion on July 1, 1931. 
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Meer Atum Dam 
Hyderabad, India 


This dam was built about 179 
The exact date is uncertain 
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Ample Security for Hoover Dam 


Engineers of Bureau of Reclamation Refute 
Criticisms of Foundation and Design 


N a_ structure of the immensity of Hoover 

Dam, questions of engineering analysis and 
procedure are bound to arise. Following the ap- 
pearance of an authoritative statement by Dr. 
Elwood Mead, in the October 1950 issue of C1vit 
ENGINEERING, discussion of this stupendous 
project ensued in these pages over a period of 
months. When M. H. Gerry's comments arrived 
the discussion had already been closed; but in view 
of the basic nature of his questions and the need for 
thrashing out the issues raised, his criticisms were 
printed as a paper entitled “Safety Limitations of 
the Hoover Dam,” in the July number, page 921. 


Immediately wide notice was given this matter in 
the daily press throughout the country, illustrating 
the popular interest in anything pertaining to 
Hoover Dam. In the accompanying articles, Dr. 
Mead and Professor Westergaard take up the 
cudgels for the Bureau. Believing that Mr. 
Gerry's paper contains unsound arguments, in- 
correct statements, and illogical conclusions, they 
answer specifically and in detail. Their assertions 
Should serve to allay any misgivings as to the 
security of the world's greatest dam. Further com- 
ments from other interested engineers are expected 
to appear in later issues of CiviL ENGINEERING. 


A Conservative Design 


By Etwoop Meap 


MeMBER AMERICAN Society or Civit ENGINEERS 
ComMMISSIONER OF RECLAMATION, WAsHINGTON, D.C. 


more carefully, and more conservatively designed 

than Hoover Dam. It coatains ample factors of 
safety against failure by sliding, against failure by over- 
turning, and against failure by crushing. Hoover Dam 
is safe as a gravity dam. It is safe as an arch dam. It 
is doubly safe as a combined arch-gravity dam. It is 
safe against overtopping, against earthquake shocks, and 
against any combination of loads. The probability of 
the occurrence of uplift pressure at the base of the 
dam and the possibility of the occurrence of such pres- 
sure in the interior of the great mass of concrete which 
forms the dam have been properly considered. There 
is no possibility whatsoever that the St. Francis Dam 
disaster will be repeated on an exaggerated scale on the 
Colorado River below the Hoover Dam site. 


Tnere« never has been a dam more accurately, 


COMPARISON WITH ST. FRANCIS NOT JUSTIFIED 


Nothing could be more misleading than the comparison 
of the St. Francis and Hoover dams and the drawing of 
conclusions therefrom. The St. Francis Dam was 16 ft. 
thick at the top, 176 ft. thick at the base of the maxi- 
mum section, 205 ft. high at the location of the maxi- 
mum section, and approximately 700 ft. long at the 
crest. The Hoover Dam will be 45 ft. thick at the top, 
oO tt. thick at the base of the maximum section, 727 ft. 
high at the location of the maximum section, and 
approximately 1,180 ft. long at the crest. The central 
angles at the higher elevations in Hoover Dam, where 
arch action will be most important, will be considerably 
greater than those at corresponding elevations in the 
‘rancis Dam. The St. Francis Dam was essentially 
a cravity dam; the Hoover Dam will be essentially an 
arc’ dam. The St. Francis Dam was not provided with 
‘ruction joints; the Hoover Dam will be provided 


x 


with construction joints and the joints will be thoroughly 
grouted under high pressures after the heat of setting 
has been dissipated. The St. Francis Dam was not pro- 
vided with an adequate drainage system, either at the 
base or within the dam; the Hoover Dam will be pro- 
vided with an efficient drainage system, within the great 
mass of concrete as well as at the base of the structure. 

Some of the abutment material at the St. Francis Dam 
site can be crushed in the fingers when dry. It dis- 
integrates and falls to pieces when placed in water. The 
abutment material at the Hoover Dam site, placed in an 
accurate testing machine, withstands a compression of 
8,000 Ib. per sq. in., a pressure more than 1S times as 
great as the maximum stress in the concrete. 

Some of the most eminent and conservative geologists 
in the country have examined the rock at the Hoover 
Dam site and have approved the material as satisfactory 
for the foundations and abutments of a dam of the size 
specified. Among those of international reputation who 
have passed on the geology of the dam site are Charles 
P. Berkey, M. Am. Soc. C.E., Professor at Columbia 
University; Warren J. Mead, Affiliate Am. Soc. C.E., 
Professor at the University of Wisconsin; and F. L. 
Ransome, Professor at the California Institute of Tech- 
nology. The very fact that the canyon walls have stood 
with practically vertical sides throughout the ages 
necessary for the river to cut its bed down to the present 
level is prima facte evidence that the rock is strong and 
durable. 


ARCH ACTION INEVITABLE 


In the Hoover Dam, about two-thirds of the total 
water load will be carried by arch action. There is no 
question regarding the transfer of load by arch action 
in such a dam. The arches must act. They cannot 
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help but act. Such minute openings as may exist at 
the construction joints after the concrete has cooled to 
normal temperature will be completely filled with grout. 
Consequently arch action will begin as soon as the 
reservoir begins to fill. If any openings whatsoever 
should exist after the grouting operations are completed 
they will be closed—by the deflections of the cantilevers 
and by the tangential deformations resulting from stress 
conditions within the dam—long before the water surface 
in the reservoir rises to such a level as to approximate 
full load conditions. 


ARCH DESIGN THOROUGHLY CHECKED 


The proportion of water load carried by arch action 
has been determined by the trial-load method of analysis 
which has been developed in the Denver Office of the 
U.S. Bureau of Reclamation during the last eight years. 
This method of analysis is not an experiment. It has 
been tested in many ways. It was checked against the 
actual measurements on the Stevenson Creek Test Dam. 
It was checked against measurements on a concrete 
model of the Stevenson Creek Test Dam. It was 
checked against measurements on a concrete model of 
the Gibson Dam. It is being checked against measure- 
ments on a plaster of paris and celite model of Hoover 
Dam. Anyone who questions the possibility of load 
being transferred to the abutments by arch action in a 
structure like Hoover Dam is grossly ignorant of the 
important developments which have been made in arch 
dam design and construction during the last ten years. 

The factor of safety of an arch dam is not determined 
by the caiculation of its sliding factor. The assumption 
of an uplift pressure varying from full reservoir head at 
the upstream edge of the base to zero at the downstream 
edge, applied to the full area of the base, and the calcu- 
lation of the sliding factor on such an assumption, as 
was done by Mr. Gerry, would probably indicate the 
failure of every existing arch dam in the world. The 
fact that no arch dams have failed in such a way shows 
that the sliding factor is not a criterion on which to 
judge the safety of an arch dam. 


SAFETY AGAINST SLIDING 


However, if Mr. Gerry wishes to calculate the sliding 
factor for Hoover Dam-—and will do so correctly—he 
will find that the structure is safe asa gravity dam. The 
sliding factor of 0.94 given in his article is not correct. 
The true value, calculated for the uplift conditions 
assumed in his article, is 0.74. Mr. Gerry did not men- 
tion the weight of the water on the upstream and down- 
stream faces of the dam. He neglected to include this 
important vertical force in his calculations. This un- 
fortunate neglect, together with his illogical comparison 
of the St. Francis and Hoover dams, is enough to dis- 
credit his entire article. 

If the uplift pressure is assumed to act over two-thirds 
the area of the base, which is a reasonable and conserva- 
tive assumption, as shown by a comprehensive study of 
all available data on this important subject, the true 
sliding factor is 0.60. Such a value is a very safe and 
conservative figure for straight gravity dams. The 
assumption made by Mr. Gerry, that uplift pressure is 
exerted over the full area of the base, is equivalent to 
the assumption that the entire dam is resting on water; 
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or, in other words, that no part of the area of the bas: 
is in direct contact with the foundation rock. 


CONFIDENCE IN SAFE SOLUTION 


Hoover Dam is being designed in a most conservative 
manner and with the utmost care. Vertical compressive 
stresses at the upstream face of the dam exceed the water 
pressure at all levels. In other words, the criterion pre- 
scribed by Maurice Levy many years ago, a criterion 
which has generally been accepted by the leading engi- 
neers of Europe as well as by those of America as being 
ultra-conservative, is fulfilled at all elevations in the 
case of Hoover Dam. Because of the unprecedented 
size of Hoover Dam, many problems not heretofore 
encountered in dam design must be carefully investi- 
gated. These problems are being studied by means of 
models as well as by mathematical treatment based on 
physical laws. Some of the newer problems are difficult 
of exact mathematical solution. However, they can all 
be solved with a degree of accuracy which leaves no 
doubt regarding their maximum possible effect on the 
safety of the structure. 


ELABORATE INVESTIGATION UNDER WAY 


Special problems which are being investigated in con- 
nection with the design of Hoover Dam include the 
transfer of load by tangential shear; the transfer of load 
by twist; the non-linear distribution of stress in both 
arch and cantilever elements; the effects of water soak- 
ing of the concrete near the upstream face of the dam; 
the effects of Poisson's ratio; the effects of volumetric 
changes in the concrete; the effects of interior concrete 
temperature changes; the deformation of the foundation 
and abutment rock; the spreading of the canyon walls 
due to reservoir water pressure; the movements of the 
earth in the bottom of the reservoir due to the weight 
of the accumulated storage; the effects of earthquakes; 
the effects of high velocities on the concrete lining in 
the spillway shaft; the stresses in the tunnel lining and 
in the rock formations surrounding the tunnels; the 
hydraulic conditions of flow in the spillway and outlet 
structures; and the amount and effect of the air content 
in the spillway discharge. 

The technical investigations have been under way for 
several years. It is anticipated that they will be brought 
to a satisfactory stage of completion some time during 
the year 1932, before actual work on the construction 
of the dam is begun. The results of the various investi- 
gations will be presented to the engineering profession 
for their information, for their discussion, and for their 
constructive criticism at as early a date as possible. 
However, there never has been and never will be any 
question regarding the absolute safety of Hoover Dam. 

During the 30 years which have elapsed since its 
formation, the Bureau of Reclamation has built more 
than one hundred dams; many of them more than 
100 ft. high, nine more than 200 ft. high, five more than 
300 ft. high, and one, the Owyhee Dam, which will be 
completed this year, more than 400 ft. high. Probably 
in every case where the dam was high enough to attract 
attention some critic predicted that it would fail. Thus 
far, not a single one has failed. Hoover Dam will be 
no exception. It will stand as long as Black Canyo 
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Safety of Hoover Dam 


By H. M. WestrerGcaarp 
Memser AMerican Society or Civit ENGINEERS 


Consuttinc ENGINEER, 


liberations leading him to the conclusion that 

Hoover Dam, designed as an arch dam by the U:S. 
Bureau of Reclamation, is not safe and should be re- 
placed by a gravity dam. These deliberations possess 
simplicity, but are subject to criticism. Mr. Gerry mis- 
understands arch dams and makes an unwarranted com- 
parison with St. Francis Dam; he discredits the careful 
and extensive analytical and experimental studies that 
have been made to assure the safety of Hoover Dam; 
he shows misconceptions concerning sliding factors; he 
argues for a gravity dam on the ground of its simplicity, 
evidently unaware of the fact that a gravity dam in such 
a canyon is as complex a structure as an arch dam. It 
is therefore not surprising that he should arrive at a 
misjudgment of the safety of the structure. 


[ HIS article, Mr. Gerry has presented some de- 


HOOVER DAM AN ARCH DAM 


Hoover Dam has been designed as an arch dam. 
Criticism of the design of an arch dam should pre- 
suppose an understanding of the structural action of 
such dams, but Mr. Gerry displays misunderstandings 
of some of the most elementary features involved. He 
shows a section and a plan of Hoover Dam with St. 
Francis Dam fitted in at the top and covering a part 
of the top arch. The radii at the tops are nearly the 
same. Thus there appears a similarity, but it is not 
good mechanics to ignore the striking differences in 
proportions and other conditions, which make one an 
arch dam and the other not an arch dam. 

If the central cantilever of Hoover Dam were to act 
independently of the remainder of the dam, under the 
full water load; and if the modulus of elasticity of the 
concrete is assumed to be 2,000,000 Ib. per sq. in., and 
foundation deformation is considered, the top of the 
cantilever would deflect about 0.437 ft. This deflection 
is to be compared with a corresponding deflection of the 
top arch. The top arch, if it were to deflect this amount 
under a water load—according to computations made 
with consideration of the deformations of the abutments— 
would require a pressure on the upstream face of ap- 
proximately 12,100 Ib. per sq. ft., equivalent to a head 
of water of 194 ft. 

Furthermore, the total seasonal variation of tem- 
perature in the upper portion of Hoover Dam, where the 
thickness is not less than 45 ft., will be not more than 
about 13 deg. fahr. A drop of temperature of this 
magnitude would give the top arch a deflection at the 
crown equal to 0.061 ft. If a water pressure were to be 
added, so as to bring the total deflection up to the same 
‘otal as before, 0.437 ft., the pressure required would 
sull be approximately 10,400 Ib. per sq. ft., equivalent 
to 4 head of water of 166 ft. These figures show the 
great relative stiffness of the arches in the upper part of 


H t Dam, as compared to the cantilevers, and they 
sho that the possible seasonal variation of temperature 
Wi ‘t cause arch action to cease. 


Bureau or RECLAMATION 


Similar computations for St. Francis Dam, under the 
assumption that the foundations would not fail, give the 
following results: deflection of the central cantilever at 
the top under full water load, 0.058 ft.; water pressure 
required on the top arch to produce the same deflection, 
560 Ib. per sq. ft.; corresponding head of water, 9 ft.; 
possible seasonal variation of temperature in the top 
portion of the dam (which was only 16 ft. wide), 30 deg. 
fahr.; deflection of the top arch due to a drop of tem- 
perature of this magnitude, under the assumption that 
the arch would continue to function as an arch, 0.150 ft. 
The top arch, accordingly, would have had only a small 
relative stiffness even though the abutments had been 
satisfactory. Furthermore, a drop of temperature much 
less than the expected seasonal variation would put this 
arch out of action. 

That the top arch of Hoover Dam, as designed, should 
be so much less affected by the seasonal change of tem- 
perature, is not surprising when one considers the fact 
that the total central angle of this arch is 136 deg., while 
the top of St. Francis Dam had a total central angle of 
only 78 deg. Also the great relative stiffness of the 
upper arches of Hoover Dam is not surprising consider- 
ing the relative narrowness of the canyon. This stiff- 
ness, together with considerations of the effects of tem- 
perature and the fact that careful studies show the abut- 
ments of these arches will not be overtaxed, makes it 
utterly unreasonable to suppose that the arches would 
fail to go into action when this dam deflects. Hoover 
Dam, as designed, is an arch dam in an arch-dam site. 
St. Francis Dam was nothing of the kind. In spite of 
the superficial similarities noticed by Mr, Gerry, the 
two cases have little to do with each other. 


MODELS AND STRUCTURAL ANALYSIS 


Although Mr. Gerry discredits the structural tests of 
models of dams, nevertheless these tests have been of 
great value in that they have proved that, with given 
conditions of stiffness of the abutments, the method of 
analysis of arch dams now used by the Bureau of Recla- 
mation is effective. According to this method, which 
may be called the ‘“‘extended method of trial loads,”’ 
the arch dam is considered to consist of vertical canti- 
levers and horizontal arches with elastic abutments. 
The load is divided by trial between the arches and the 
cantilevers so that at each point of intersection the arch 
and the cantilever obtain the same deflection in the 
direction of the radius of the arch. But this ‘radial 
adjustment” is only the first step in the analysis. There 
are added adjustments for twists and for deflections in 
the directions of the tangents to the center lines of the 
arches, and thus the twisting moments and tangential 
shearing forces transmitted between adjacent arches or 
between adjacent cantilevers are taken into account 

There are technical difficulties about carrying through 
this complete process, but these difficulties have been 
overcome. With the effectiveness of this method estab- 
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lished by the tests of the models, it becomes possible by 
analysis to reach farther than could be done conveniently 
by such tests. It becomes possible to vary the assump- 
tions concerning the mechanical properties of the bed- 
rock, and thus to investigate the dam for a range of 
conditions of the bedrock. Furthermore, studies have 
been added dealing with non-linear distributions of 
stresses through the thickness of the dam and with a 
number of special actions. These extensive analytical 
studies in connection with the tests of models and the 
geological studies have supplied the needed information 
concerning the action of the dam and the relation of the 
dam to its foundations. 


SLIDING FACTORS 


It is useful to compute sliding factors because they 
summarize the properties of the dam. Mr. Gerry 
conceives of sliding of the dam as if a block were being 
pushed over a plane horizontal surface. With a rugged 
irregular boundary between the concrete dam and the 
rock foundation, actual sliding would require either that 
the dam be lifted up over the high points of the boundary 
surface, which is not possible, or that a sliding surface 
be formed by the breaking of the concrete or the bed- 
rock. This breaking is not a matter of simple friction, 
but depends on the resistance to stresses. 


COMPLEXITY OF A GRAVITY DAM 


According to the notion expressed by Mr. Gerry, a 
gravity dam in a canyon is a simple, statically deter- 
minate structure. Thought on the subject will easily 
show that such is not the case. Twists and shears are 
transferred in a horizontal directioa, and this transfer 
is not always a friendly influence. There will be bend- 
ing of the horizontal slices, and enclosed arches will form 
rhis complex action may be investigated by the extended 
method of trial loads. The required analysis is of about 
the same complexity as that of an arch dam. Statical 
indeterminateness does not in itself mean uncertainty 
and is not undesirable; but there would be, to begin with, 
an uncertainty about the action of a gravity dam in the 
Hoover Dam site. There would also be a varying ten- 
dency for the vertical expansion joints to open up, and 
the openings of the joints would affect the torsional 
resistances of the various units and the bending and 
enclosed-arch action of the horizontal elements. It is 
not rational to put a gravity dam in this arch-dam site. 


JUDGING THE SAFETY 


rhe phrase ‘‘factor of safety” has a definite meaning 
in the case of a simple structure subject to a single 
action. For example, one may specify a definite factor 
of safety for the cable of an elevator. This definite 
meaning is lost, however, when the structure is subject 
to several possible actions. A high dam is a complex 
structure, subject to a variety of actions, and its safety 
cannot be expressed by a single factor. The require- 
ment stated by Mr. Gerry for a design with a definite 
factor of safety, therefore can remain plausible only to 
the unsophisticated; it is not applicable. 

One may substitute a principle which is slightly less 
simple in form, but which has a closer relation to reality. 
I am indebted to a colleague at the University of Illinois, 
Prof. Hardy Cross, for the following formulation of this 
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principle: “It is the business of the structural engineer 
to imagine each undesirable thing that might happen t» 
the structure and provide against that.” 

In dealing with a complex structure it is useful to 
distinguish between primary and supplementary struc- 
tural analyses, and between primary and supplementary 
safety. The primary structural analyses of Hoover 
Dam are those which have the aim of determining the 
most probable behavior of the dam under various in- 
fluences, such as loads, variations of temperature, earth- 
quakes of given intensity, and plastic flow of the con- 
crete. The judgment of the primary safety is based on 
the results of the primary analyses. The supplementary 
analyses may represent a much smaller total effort than 
the primary analyses, but they are of great importance 
They consist of examinations of possible departures 
from the probable behavior of the structure. If supple- 
mentary safety exists, it is judged on the basis of these 
supplementary analyses. 

In the supplementary analyses, the statical indeter- 
minateness of the arch dam figures as something im- 
portant. A statically indeterminate structure is capable 
of resisting a load in more than one way. The result is 
a well known phenomenon—which is especially pro- 
nounced in structures like slabs or arch dams which are 
statically indeterminate an infinite number of times— 
namely, the phenomenon of redistribution of stresses or 
of borrowing of strength. In examining departures from 
the probable actioa, one may exaggerate the possibilities 
Thus, in the case of Hoover Dam, one may imagine a 
complete disappearance of the resistance of the canti- 
levers to the horizontal loads. When it is found that 
the load can be resisted by the arch action alone, this 
result means that, under the imagined weakening of 
the cantilevers, the dam is still capable of borrowing 
strength from its own arches. Accordingly, the dam 
can be credited with a reserve of safety, or with supple- 
mentary safety. 

ALL REASONABLE DOUBTS DISPELLED 


Similarly, when in Hoover Dam the possibility of 
reduced arch action is exaggerated to the extent of 
assuming no arch action at all, and the dam is still found 
capable of standing up, this reserve stability, which 1s 
not generally found in arch dams, is credited to the dam 
as supplementary safety. Further studies of this sort, 
involving, for example, the consideration of torsional 
resistance with certain other resistances removed, lea‘ 
to the same conclusion. In all of the cases the statical 
indeterminateness is of great advantage in that it creates 
supplementary safety. The combined final judgment of 
primary and supplementary safety is that Hoover Dam 
as now designed has a large margin of safety. 

I have had the opportunity to observe that in develop 
ing the design of Hoover Dam the Bureau of Reclama 
tion has maintained a policy which is significant in con 
nection with the safety of the dam; namely, the policy 
of investigating every question that can be asked rea 
sonably. Credit for this policy goes to Elwood Mead. 
Commissioner of Reclamation, R. F. Walter, Chie! 
Engineer, and J. L. Savage, Chief Designing Enginec!, 
Members Am. Soc. C.E. The assurance that has beet 
obtained concerning Hoover Dam is to a large extent 4 
product of this policy. 
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Side Lights on Highway Economics 


A Neglected Phase of Motor Vehicle Transportation 


By R. L. Morrison 


MemsBer AMERICAN Society or Crvit ENGINEERS 
Proressor OF Highway ENGINEERING AND HiGuway TRANSPORT 


OT many years ago engineers 
were inclined to believe that 
highway economics con- 

cerned the roads only. For instance, 
as long as the maintenance cost of a 
low-type surface was not excessive, 
it was believed that the economical 
thing to do was to retain it rather 


University or Micnican, ANN ARBOR 


ORE and more money has been 

spent on the highways of the United 
States until now the total investment in 
highways and in motor transportation 
exceeds the total investment in railroads 
and rolling stock. The annual operating 
cost for the motor vehicles of the United 
States is ten times greater than the an- 


road in any given location will be the 
one for which the sum of these two 
items is the least. In order to com- 
pare alternate plans intelligently, 
annual costs must be used as a basis, 
but most formulas employed for this 
purpose are unnecessarily compli- 
cated. 

If a piece of road is worth a certain 


than to build a pavement, regardless mual construction and maintenance bills 
In this paper, pre- sum today, it will be worth less a 


of traffic conditions. Now, however, for its highways. 


it is generally understood that sented before the Seventeenth Annual year from today, and this shrinkage 
roads, as a rule, are merely to serve Conference on Highway Engineering at in value, or depreciation, is one of 
the traffic and that costs of opera- the University of Michigan, Professor the costs. A second element of cost 
tion constitute the largest factor in Morrison draws forceful attention to the is the interest which must be 
most problems of highway eco- advantages of reducing motor-vehicle op- charged against the money invested 


nomics. erating costs by improving the highways. in the road, regardless of actual 
The total annual expenditure for He considers the economics of traveling financing methods. As the road 
the construction and maintenance fime, of traffic lights, of road widening, wears out, its value decreases and the 


of roads and streets in the United and of by-pass highways, and points out interest charge should be decreased 
States is about $2,000,000,000, while the necessity for further study of these accordingly. This may be illus- 


the annual cost of operating our phases of highway economics. 


26,500,000 motor vehicles must be 
in the neighborhood of $20,000,000,000 a year, or ten 
times the cost of the highways. This operating cost is 
obtained by using the 1930 figures of the Highway Re- 
search Board’s Committee on Highway Transportation, 
which give the operating cost of the average passenger 
automobile as 5.44 cents per mile for an annual mileage 
of 11,000, and commercial vehicle costs as 15.15 cents 
per mile. The annual mileage of commercial vehicles is 
not given in the report, and I have assumed it to be 15,000 
miles. 

lf, through the improvement of highways, operating 
costs for the average vehicle can be reduced 10 per cent, 
then the annual saving will equal the total annual cost 
of all the roads and streets; and this is without giving 
any consideration at all to the immensely important 
item of traveling time saved, which may have a money 
value measurable only in terms of billions. 

Unfortunately, it is impossible to proceed entirely 
upon the basis of economic principles even if political 
and legal restrictions are disregarded because, if any 
highway system is considered as a whole, the expendi- 
tures economically justified are usually far beyond the 
practical limitations of available funds. In other words, 
‘ is seldom possible to make all the improvements which 
uld be sound investments, but it seems evident that 
planning highway improvement the most important 
sideration is the resulting effect upon the cost of 
iicle operation. 
many highway, the total cost of transportation is 
cost of the road itself plus the cost of operating ve- 
es over it, and it is obvious that the most economical 


trated by assuming that the con- 
struction is financed by means of 
serial bonds which are retired at the same rate that the 
road wears out. A third cost item is maintenance, while 
the last, and usually the largest, is operation. 

If we let C represent the annual cost, ) depreciation, / 
the average interest, M the annual maintenance cost, 
and O the annual cost of operation, then: 


C=D+I+M+0 


Considering the many assumptions which must be made, 
it seems hardly necessary to use a more involved formula 
and build up a mathematical superstructure which is 
not justified by the accuracy of the data upon which it is 
based. 


VEHICLE OPERATION COSTS VARY WITH MILEAGE 


The costs of vehicle operation may be divided into two 
classes. The first class includes fixed overhead charges 
such as insurance, taxes, and garage, which remain the 
same regardless of the number of miles traveled or the 
nature of the roads used. The second class includes such 
items as gasoline, oil, tires, and repairs, which vary with 
mileage and conditions of travel. Certain items, such as 
depreciation and driver's wages, may be in either the 
first group or the second, depending upon various cir- 
cumstances. 

In considering the economics of highway improve- 
ments, the fixed overhead costs of vehicle operation 
may often be disregarded entirely, or they may be 
included if an annual mileage per vehicle is assumed, 
but costs per mile, including fixed charges, mean nothing 
unless the annual mileage is given. For instance, a 
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certain car may cost 5 cents per mile if it runs 15,000 
miles a year, and 35 cents per mile if it runs only 1,000 
miles a year. To carry the illustration to an extreme, 
if it runs only | mile a year it might cost $300 or more 
per mile. 

ESTIMATING THE COST OF DELAYS 


The important element of time costs is the hardest to 
determine and can never be accurately known. When a 


DeLay CAUSED BY UNWARRANTED TRAFFIC SIGNALS 


Trunk Highway Traffic Held Up by Stop-and-Go Signal; No Cross 
Traffic 


meter in a taxicab is merrily clicking while the cab is 
held in a traffic jam, there is no question but that the 
slightest delay costs money, but under ordinary circum- 
stances it is hard to say that a single delay of five or ten 
minutes, or even more, has an actual monetary cost. 
The average trip, however, especially in congested areas, 
includes many small delays which, in the aggregate, 
waste a great deal of time, so that the only reasonable 
method of attack seems to be to determine the average 
value of vehicle time and then charge to each separate 
cause of delay its proportionate share of that value. 

In connection with the Cook County Highway Trans- 
port Survey, the U.S. Bureau of Public Roads, in its 
1925 Report, set a value of $3.00 per hour, or 5 cents per 
min., on the time of the average vehicle, including the 
time of the passengers. In connection with the New 
Jersey superhighway, Fred Lavis, M. Am. Soc. C.E., 
in the August 1930 issue of PROCEEDINGS, estimated 
the time of trucks to be worth 2.3 cents per min., 
that of light commercial vehicles, 2.1 cents per min., and 
that of non-commercial vehicles, 1.0 cents per min. 
The Ohio Highway Transportation Survey, described 
in the Bureau of Public Roads’ Report for 1927, indicates 
that 55 per cent of the passenger car mileage is for busi- 
ness, and that on business trips the average number of 
persons per car is 1.8. 

Thus all mileage may be converted to a business basis 
by assuming that all mileage is for business but that 
there is only one person per trip, and by saying that the 
time of persons not traveling on business is worth noth- 
ing. On this basis it would seem that an average for all 
vehicles of $1.20 per hour, or 2 cents per min., would be 
conservative, and that valuation of vehicle time will 
be used in this discussion. 
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It is my purpose to consider here only a few points of 
highway economics, and the first is the improvement of 
gravel roads. If we assume that a gravel road is al- 
ready built and in use, then the question of paying out 
money for the construction of such a road is not in- 
volved, and therefore neglect of the item of interest doe: 
not affect the problem. Also, it may be reasonably as- 
sumed that a properly maintained gravel road does not 
wear out if the renewal of the gravel is included in the 
cost of maintenance, so that depreciation may be 
neglected. 


DIFFERENT SURFACES COMPARED 


One possible method of improvement is the applica- 
tion of a surface treatment. Assuming that the cost of 
maintenance of the plain gravel road is $500 per mile 
per year and the cost of applying and maintaining a sur- 
face treatment is $1,000 per mile per year, then the in- 
crease in annual cost for the surface treatment is $500 
per mile per year. 

Such data as are available indicate that the difference 
in the cost of operation of motor vehicles over an un- 
treated gravel road and over a smooth surface is about | 
cent per mile for each vehicle per day, or $3.65 per year. 
On that basis, if the traffic is more than 137 vehicles per 
day, the saving in operating cost will be greater than the 
cost of the surface treatment. If the traffic should be, 
say, 400 vehicles per day, then the net saving would be 
($3.65 < 400) — $500 = $960 per mile per year. 

If, instead of a surface treatment, a pavement is built, 
then the saving in operating costs per vehicle may be 
about the same, but the annual cost of the surface will 
be more. Of course this cost will depend upon the type 
of pavement and other factors, but for illustration it 
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Around Flint, Ann Arbor, Pontiac, and to the West of Detroit 


may be assumed that the pavement costs $35,000 per 
mile and that at the end of 20 years it has a salvage va'ue 
of $5,000. The depreciation, then, will be $30,000 

20 = $1,500 per year. Interest at 5 per cent on ‘le 
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erage value of $20,000 will be $1,000 per year, and the 
intenance cost may be assumed to be $400, giving a 
tal annual cost for the pavement of $1,500 + $1,000 
$400 = $2,900 per mile per year. Crediting against 
is the $500 maintenance cost of the gravel road, leaves 
net annual cost of $2,400 per mile for the pavement. 
viding this by $3.65 gives a minimum traffic volume 
about 660 vehicles per day required to justify the 
nstruction of the pavement, on the basis of these 
sumptions. 
Incidentally it may be noted that, with the assumed 
st figures, the annual cost of the pavement will be 
nearly $2,000 per mile per year more than the cost of a 
surface treatment, and that the first cost of a mile of 
pavement is equal to the cost of at least 20 miles of sur- 
face treatment. The cost of operation of vehicles over 
the two types of surface appears to be about the same, 
ind in some cases more than 5,000 automobiles per day 
have been successfully operated over surface treatments 
when there were few heavy vehicles. Probably many 
miles of pavement have been built where a surface treat- 
ment would have carried the traffic satisfactorily at a 
fraction of the cost of the pavement. 


ECONOMICS APPLIED TO TRAFFIC LIGHTS 


On the state highways of Massachusetts, traffic lights 
are not permitted unless the traffic through the intersec- 
tion amounts to at least 500 vehicles per hour, as in- 
vestigations indicate that with less traffic such a light 
serves no useful purpose. In some other places a heavier 
minimum traffic is required for installation of lights. 

Theoretically, half the vehicles at a light-control'ed 
intersection will be stopped for half of the red interval. 
If the total light cycle is 1 min. and the traffic is 400 
vehicles per hour or, say, 4,000 vehicles per day, then 
2,000 vehicles will be stopped for 15 sec. each. This 
means a total delay of 500 car-min. a day, which, at 
2 cents per min., amounts to $10 a day, or $3,650 a year. 
This represents an economic loss sufficient to pay the 
annual cost of more than one mile of pavement, or about 
four miles of surface treatment. 

Assume another intersection with twice as much 
trafic, where the cost of delay would be $7,300 a year 
but where conditions justify the installation of a traffic 
signal. There are doubtless many such situations where 
i traffic-actuated signal would save money as well as 
annoyance. If a traffic-actuated signal costs $1,500 
more than a fixed-cycle signal, and is used only five 
years, the annual additional cost for depreciation and 
interest will average less than $350. Assuming that 
the total annual maintenance cost of the traffic-actuated 


* per cent reduction in delays would pay for the more 
expensive signal and a 20 per cent saving in delays would 
result in a saving of nearly $1,000 per year. 


FIELD OBSERVATION NEEDED 


[t would seem that, particularly in these days when 
ery effort is being made to reduce costs, it would be 
ughly profitable for every highway organization in the 
try to spend a few dollars in studying the simple 
roblem of traffic-light economics through field observa- 
and an analysis of accident records. Then facts 
t be substituted for assumptions in considering the 


¢ 
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advisability of erecting traffic lights, which may serve 
only as traffic delayers when installed without such an 
investigation. Of course some information of this nature 
is being collected by a few organizations, but the amount 
is pitifully small considering the vast sums involved in 
the problem. 

What is the object of widening a road from two lanes 
to three or four? In most cases the fundamental justifica- 
tion for spending thousands of dollars a mile in widening 


PROHIBITION OF PARKING EQUIVALENT TO WIDENING STREET 
Only Four Traffic Lanes Now Available 


roads is the resulting saving of time to the users. It may 
be called relief of congestion but that means the same 
thing, for there are very few highways in the whole 
country where all the traffic could not be moved through 
on two lanes. According to Arthur N. Johnson, M. Am. 
Sec. C.E., in the 1928 Proceedings of the Highway Re- 
search Board, a single lane will discharge approximately 
2,000 vehicles per hour, at an average speed of 10 miles per 
hour. At that speed, a two-lane highway would carry 
about 100,000 vehicles in 24 hours. 

It appears, therefore, that raising the average speed, 
or in other words saving car-minutes, is the main reason 
for widening a road carrying less than 100,000 vehicles 
per day. If this is true, then the sum which can be 
economically spent upon a widening project may be 
determined by a process similar to that outlined in the 
discussion of traffic lights. 


FOUR LANES VERSUS TWO LANES 


Assume a two-lane road carrying 10,000 vehicles daily, 
over which the average speed of travel, under certain 
traffic conditions, is 30 miles per hour, and assume that 
by widening the road to four lanes the average speed 
will be raised to 40 miles per hour. This is a reduction 
from 2.0 min. to 1.5 min. in the time required to travel 
one mile, or a saving of 5,000 car-min. per day for 
the total traffic. At 2 cents per min., this is a saving 
of $100 per day, or $36,500 per year per mile. If the 
annual cost of depreciation, interest, and maintenance 
for the additional two lanes is $3,000 per year, the net 
saving, due to widening, is $33,500 per mile per year. 

The least known factor in this problem is the actual 
saving in time on a four-lane, as compared with a two- 
lane roadway, for various traffic volumes and conditions; 
the comparison previously given is based on a purely 


| 
> 
= 
= 
| = 
a 
e 
Be 
ae 
| 
sig is $500 more than that of a fixed-cycle signal, a aa 
| 
| 
i 
A 
“hah 


1008 Civit ENGINEERING for August 1931 


arbitrary assumption. Until the answer to this question 
has been found, through research, the justifiable expendi- 
tures for widening projects are bound to be largely a 
matter of guesswork. And guessing in terms of millions 
of dollars of taxpayers’ money is an expensive sport. 

Some time ago there was a statement in an engineering 
magazine that a certain street had been widened to 80 ft. 
and that it was unfortunate it had not been widened 
to 120 ft. so that it could carry 50 per cent more traffic. 
hat particular project cost several million dollars, and 
one is led to wonder if the question of spending a few 
millions more or less, for different widths, was deter- 
mined on the assumption that traffic capacity varies 
directly with width. The Detroit Rapid Transit Com- 
mission and a few other organizations have collected 
data as to the relation between street width and traffic 
capacity, but there is yet much to be learned. Ap- 
parently there is also an opportunity for a more general 
use of what has been learned. 

One thing which deserves most careful thought in this 
connection is the slicing off of buildings when part of the 
added width is to be used for parking. To prohibit 
parking on a street where it is now allowed is equivalent 
to cutting about 8 ft. from the buildings on each side, so 
far as providing space for moving traffic is concerned. 


BY-PASS HIGHWAYS EVALUATED 


What has been said about the economics of road widen- 
ing is largely applicable to the construction of by-pass 
highways around congested areas. However, it is per- 
haps easier to make a reasonably accurate estimate of 
the time saving in the case of the by-pass route, which 
has the additional advantage of relieving congestion on 
the original route. For example, it is probably safe to 
say that the by-pass around Flint, Mich. (Fig. 1), saves 
at least 10 min. for each vehicle using it and, according to 
available information, the daily traffic is about 5,000 
vehicles. A saving of 50,000 car-min. a day, at 2 cents 
each, is $1,000 a day, or $365,000 a year. Evidently 
this road pays good dividends, even without. considering 
the relief to the streets of Flint. 


Ts 


Vou. 3, 

One of the most difficult problems of highway adminis 
tration is the proper allocation of funds between variou 
projects, and usually the sums available are much to 
limited to cover all economically justified projects 
From a purely economic standpoint, it is evident that 
limited funds should be spent where they will bring the 
greatest return on the investment. 

Assume that a choice must be made between the con. 
struction of a by-pass, which will cost $300,000 and 
produce an estimated saving of $300,000 a year, and the 
improvement of a gravel road carrying an average traffic 
of 1,000 vehicles a day. If we assume that the annual 
cost of paving the gravel road, less its maintenance cost 
if left unpaved, is only $2,150 a year, and the saving in 
operating cost is 1 cent per vehicle-mile, the net annual 
saving will be ($3.65 x 1,000) — $2,150 = $1,500 per 
mile. Dividing $300,000 by this sum, it is seen that 
in this case the by-pass would save as much as would 20) 
miles of pavement, costing perhaps $6,000,000. Looking 
at it another way, the $300,000 invested in the by-pass 
would save about as much as 20 times the same amount 
spent in paving the gravel road. 


RESEARCH WOULD VERIFY ASSUMPTIONS 


In this discussion assumptions have been made as to 
such items as the amount of differences in operating 
costs over different types of surfaces, the value of a car- 
minute, and the amount of time saved by certain im- 
provements, and then the assumed values have been 
used as if they were correct, which may be far from the 
case. There are dozens of investigators, all over the 
country, working on such things as minor improvements 
in construction items, but only a very few appear to be 
studying the far more important factors involved in 
highway economics. Much research is needed to deter 
mine properly the factors which materially affect, or 
should affect, the outlay of millions. The immediate 
spending of comparatively large sums to shed more light 
on this subject would seem to be an excellent investment 
The use of improperly evaluated factors where large 
expenditures are involved is an economic tragedy. 


Outer Drive, Wayne County, MiIcH 
Wide Roadways Segregating Traffic Avoid Congestion and Head-on Collisions 
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Design and Construction of the Storage and Diversion Dams of the Calles System 
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calientes, from north to south, 
flows the Rio de Aguas Cali- 

ates, fed by its principal tribu- 
tanies, the Rio Chicalote, Rio San 
iro, Rio Pabellon, Rio Santiago, 
ind the Rio Morcinique. The prin- 
ipal city and capital of the state, 
the city of Aguascalientes, having a 
population of 50,000, is located on 
the Rio de Aguas Calientes, at the 
southerly limit of the Presidente 
Calles irrigation project, which ex- 
tends north along the river for 45 
28 miles) to Punta Station. 
From north to south the area is 
traversed by the main line of the 
National Railways of Mexico be- 
tween El Paso, Tex., and Mexico 
City, and the highway from the City 
f Aguascalientes to Zacatecas fol- 


the State of Aguas- 


T 


‘ows the railroad. The map in Fig. | shows the relation 
i the project to the towns and rivers within the area. 


T HE Presidente Calles development, 
6,000 ft. above sea level, is located in 
a section unique in soil, climatic, and 
economic conditions. Starting practi- 
cally without data, the J. G. White En- 
gineering Corporation, for the Comicion 
Nacional de Irrigacion, was able to in- 
vestigate, design, and construct the initial 
part of the development in two years. 
The main storage dam on the Rio San- 
tiago is a variable-radius concrete arch 
about 200 ft. high, designed with counter- 
forted gravity abutments to take the arch 
shear. Calculations were based on the 
trial-load method. A multiple-arch di- 
version dam, 150 ft. high, was con- 
structed as an overflow structure by cover- 
ing the downstream face of the buttresses 
with a reinforced concrete slab. Ulti- 
mately 100,000 acres are to be irrigated. 


the Rio Pabellon 


(6,166 ft.) to 1,935 m. (6,347 ft.) 
above sea level, and its climate is 
moderate and healthful. Condi- 
tions are generally favorable for 
successful irrigation. Within the 
area are several centers of popula- 
tion with a little over 9,000 inhabi- 
tants, the most important towns 
being Rincén de Romos with a 
population of 2,600, and Jestis Maria 
with 1,400. 


DEVELOPMENT OF FIRST UNIT 


Development of the project was 
begun by building the Calles Storage 
Dam on the Rio Santiago. This 
flow was then diverted to the north 
into a main canal, which has a 
capacity of 13.5 cu. m. (476 sec-ft.), 
by means of a diversion dam near 
Santiago. The main canal crosses 

in an inverted siphon at Pabellon 


Estancia (farm) and continues northward to a proposed 


[he irrigable area varies in elevation from 1,880 m. crossing of the Rio San Pedro at Punta Station. This 
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initial portion of the main canal is 28 km. long (17.4 
miles), and will irrigate 9,200 hectares (22,750 acres) 
of land, the area marked (1) in Fig. 1. 

Further expansion of the system would involve an 
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Vex. 

were similarly marked in accordance with their kilomete: 
distance from this original monument. East and wes 
lines were run each 3 km.; and north and south parallels 
were 2 km. apart. These rectangles formed the bases 
for the plane table surveys from 


Which the topographic maps, 


6639.2 . 
AN Ar” were made. Extending from K 
6624.17~ | 30 N, through the City of 
lh —_ \ Aguascalientes to K 75 N, a 
f short distance above the pro- 
\ oem sed main canal crossing on 
| 
the Rio San Pedro, the area 
mapped covered 40,000 hectares 
(es SECTION BB SECTION CC (98,800 acres). This work was 
so ;* 
Sain. considered for the main canal 
to the north, starting at eleva- 
tions 1,915 m. (6,281 ft.), and 
— 1,935 m. (6,347 ft.), respectively. 
* , It was found that the high line 
; included a large area of excellent 
a 2 land in the vicinity of Saucillo 
ee | ( | Estancia, and if taken in con- 
4 77°52" junction with a tunnel diver- 
R- 7480m. 
L=101.66m sion, would make a better loca- 
\ 10 20 30 40 50 
tion than the low line, which 
\ ) had to follow a rocky cliff around 
Fic. 2. PLAN AND SECTIONS OF THE CALLES Dam the mouth of the canyon for a 
distance of 2km. A diversion 


extension of the main canal southward along the east 
side of the river from the Punta Station crossing, and the 
storage of water of the Rio Pabellon and the San Pedro 
to augment the supply from the Rio Santiago. Water 
stored on the Rio San Pedro, however, can be applied 
nearer by, to fertile lands lying in Zacatecas. Study has 
indicated the desirability of constructing a storage reser- 
voir on the Rio Morcinique to divert it north toward 


the Santiago. These plans are for the future, however. 


PRELIMINARY INVESTIGATIONS 


Surveys to determine the area of the Santiago water- 
shed and the topography of the Calles Reservoir were 
begun in December 1925. Water supply studies were 
based on the rainfall data at the City of Aguascalientes 
and on the results of a permanent stream gaging station 
established in the Santiago Canyon. Topographic 
studies of the canyon itself and detailed topography of 
five dam sites in the canyon, together with exploration 
with a diamond drill at two of the sites, resulted in the 
selection of a safe location for the Calles Dam on ex- 
cellent foundation rock. Its spillway is at elevation 
2,020 m. (6,625.6 ft.) above sea level, and it provides a 
storage of 340,000,000 cu. m. (275,000 acre-ft.). 

All property lines in the Santiago Valley were located 
and mapped, as was also the town of San José de Gracia 
in the center of the reservoir area. A system of rec- 
tangular coordinates was laid out to cover the entire 
irrigable area and, after careful adjustment, was marked 
with concrete monuments and standard Comicion 
Nacional de Irrigacion (C.N.I.) plates. The initial 
monument at Las Animas Station was assumed as 
K 52 N 30 E, for convenience, and all other monuments 


southward from the river, at an elevation of 1,910 m. 
(6,265 ft.), in the Hacienda of Santiago, was proposed 
but abandoned when it was found from an investigation 
of the Rio Morcinique that the area could be better 
served from that river. 

Several alternative studies were made for a tunnel 
to take the main canal past the rough topography 
below the diversion site on the Rio Santiago. A bench 
flume was also considered around the cliffs of the canyon. 
Finally, a tunnel 1,400 m. (4,600 ft.) in length, was 
decided upon, and with it the high-line canal to the Rio 
San Pedro, a distance of 28 km. (17'/, miles), was 
approved for construction. 


CALLES STORAGE DAM DESIGNED BY TRIAL-LOAD METHOD 


Preliminary designs for the Calles Dam were begun 
in September 1926, and included a variable-radius arch 
dam with a siphon spillway at one site; and a variable- 
radius arch dam with gravity abutments and an over- 
flow spillway at another site. The final design, approved 
in January 1927, consisted of a variable-radius arch dam 
with counterforted gravity abutments and overflow 
spillway, having a total height of 63.30 m. (208 ft 
above the stream bed, or a total over-all height of (6.00 
m. (219 ft.), as shown in detail in Fig. 2. The crest has 
a total length of 283.42 m. (930 ft.) and the arch section 
is 101.66 m. (333 ft.) from point of curve to point o 
tangent. The arch analysis was made by me, under the 
direction of Julian Hinds, M. Am. Soc. C.E., Resident 
Engineer, following the trial-load method of ©. 1 
Howell, M. Am. Soc. C.E., and the late A. C. Jaquith. 
as explained in TRANSACTIONS, Vol. 93, page 1,19! 

The trial-load method has been gradually deve!ope* 
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is based on the assumption that the complete dam is 
mposed of systems of horizontal arches and vertical 
atilevers, that each system carries a proportion of the 
tal load, and that the deflections of the two systems 
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After a great many trials for each arch at different 
elevations, the deflection lines were brought together, as 
indicated in Fig. 3. It is obvious that, if the process were 
continued, a closer agreement would result. The most 
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Fic. 3. Isometric GraPH SHOWING THE THEORETICAL ARCHES AND LINES OF RESISTANCE 
Division of Load Between Arch and Cantilever, Calles Dam 


are equal. A series of assumed proportional loads are 
applied to each system and their deflections are com- 
puted. When a proportionate loading has been found 
that gives equal deflections at all points for both systems, 
the stresses are computed and are considered to be 
those which will be obtained in the dam. The de- 
flections and proportionate loads must be obtained at 
humerous points in each system in order to obtain ap- 
proximately correct stresses. 


THEORETICAL ARCHES DETERMINED 


There must be a definite division of the load to give 
equal deflections for both systems at all points. If 
enough trials are made, equal deflections for arch and 
cantilever elements at all points will finally be found, 
deflections and stresses due to temperature changes being 
taken into consideration. In computing the stresses 
and deflections in the arches, the concrete was assumed 
to take no tension. The actual constructed arch at 
points where the resultant fell outside of the middle 
third was reduced by repeated trials until an arch was 
found in which the resultant was at all points either on or 
within the middle third lines. The resulting final arch 
usually was reasonably uniform in shape but followed no 
exact geometrical outline. The load is assumed as 
applied to the constructed arch, but it is carried entirely 
by the interior one. In this type of dam, the top arches 
produce a negative load at the top of the cantilevers 
Secause these arches are under no hydraulic head. Con- 
verse vy, the cantilevers produce a load in the top arches. 


difficult part of the work was to adjust the loads in the 
upper arches and at the top of the cantilevers, as a very 
slight change of load makes a great change in deflection. 

In the case of the arch at elevation 2,000 m., the line 
of resistance falls almost entirely within the middle third 
of the constructed arch. A number of trials were made 
to determine the largest enclosed arch that would act 
in compression, and that shown in Fig. 3 gave the 
best stresses. There are two points of tension—at the 
extrados, near the springing line, and at the intrados, 
in the crown. Elsewhere both the actual and theoretical 
intrados and extrados of the arch coincide. 

From the bottom to elevation 1,990 m., the arch 
springs are built against the solid rock which forms the 
side walls of the canyon, so that the thrust is taken by 
the rock abutments. From elevation 1,990 m. to the 
top, the arch abuts against the transitions, which were 
expressly designed to carry the thrust to the gravity 
section and buttresses. 


BOTTOM ARCH MOST COMPLEX 


The arch at elevation 1,970 m., the bottom one, was 
the thickest and the hardest to analyze. It was necessary 
to use various assumptions and to make many trials. 
At first it was believed that more of the loads at this 
level would be carried by the arch than by the canti- 
lever. An arch load greater at the crown and decreasing 
to the springing line was ultimately arrived at, which 
gave fairly good results. 

Several important changes and improvements in 
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methods of analysis have been made since the article by 
Mr. Howell was written. Later, in the Mexico City 
office of the J. G. White Engineering Corporation, the 
effect of shear on the arches of the Calles Dam was 
taken into consideration. As the interior arches were 
completely in compression, this effect was not found to 
be important. Nevertheless, it is a factor and it is well 


PourRING THE ARCH SECTION OF THE CALLES Dam 


to compute it, especially since its inclusion does not add 
materially to the work of analysis. 

Further studies were made to take tangential-shear 
loads into account, but this work is still incomplete. 
The trial-load method was found entirely adequate for 
arched structures similar to the Calles Dam, but further 
studies of the method should result in certain advances 
in accuracy and time saving. 

The final design of the Calles Dam includes two 66-in. 
Johnson needle valves for the regulation and control 
of the irrigation storage. It also includes two 54-in. 
outlets for the future development of power, should it 
later be found that the water supply is more than 
sufficient for the needs of irrigation. 


CONSTRUCTION OF STORAGE DAM STARTED 


In October 1926, the first steps were taken on construc- 
tion work, when a road was started from the Pabellon 
Station to the Calles Dam site. Work was begun at 
the Estancia Creek Canyon and carried on simultane- 
ously in both directions, toward the station and toward 
the dam. The road was placed in operation early in 
January 1927, and it was completed in July of that year. 
It was built of clay and tepetate (hardpan), with a wear- 
ing surface of hand-broken stone, sprinkled and rolled. 
In its length of 19 km. (12 miles) are included one perma- 
nent bridge of seven 4.5-m. (14.75-ft.) spans, with masonry 
piers and a reinforced concrete slab floor, constructed at 
the crossing of the Rio Pabellon near Letras Estancia, 
and a similar but shorter bridge over the main canal of 
the pre ject. 

For the control of the river, two small cofferdams were 
constructed of clay puddle above and below excavation 
lines, and they were connected by a wooden flume 4 by 6 
ft. in cross section, for the diversion of the low-water 
flow of the river. During the rainy season of 1927, 
work was discontinued in the canyon section to allow 
the floods to pass. During this time, work was started 
on the north and south gravity sections and on the spill- 
way section. When the foundations were in, the flume 
was abandoned, and the water was permitted to pass 
through an opening left in the center of the arch. This 
opening was not closed until two months later, in order 
to allow for shrinkage. After it was closed, the low flow 
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was passed through a 24-in. pipe set permanently in thx 
dam and controlled by a gate valve at its downstrean 
end. Before the rainy season of 1928 set in, the dam was 
completed and ready for use. 

Excavation was begun on the north cliff in Decembe: 
1926, and in the canyon in March 1927. The bottom o 
the canyon was excavated to a depth of 3.5 m. (11.5 ft. 
below the level of the stream bed to the surface of bed 
rock. The cut-off trench, which runs along the heel or 
upstream face of the arch dam, was excavated about 2 m 
(6.5 ft.) below the surface of the bedrock. 

For placing concrete in the lower part of the arch sec- 
tion and in the south gravity section, 14-in. steel chutes 
suspended from steel cables were used. Concrete for the 
upper part of the arch and the north gravity section 
was placed by means of a combination of chute line and 
track for cars running on top of the completed part of 
the dam. For placing concrete in the spillway and in 
the south gravity section, a cableway was used, and the 
concrete was transported in 1*/,-cu. yd. buckets. The 
first concrete of the Calles Dam was placed in the bottom 
of the canyon, for the arch section, on May 28, 1927. 
The last was poured in May 1928. 

Concrete aggregate was obtained from a quarry a half 
mile from the dam. Rock, consisting of rhyolite, was 
handled by nar- 
row-gage gasoline 
locomotives and 
l-yd. dump cars on 
Decauville track 
connecting with 
the crushing and 
mixing plant above 
the north end of 
the dam. Sand 
was made by 
crushing the quar- 
ried rock at the plant for use as fine aggregate. 

The concrete mixing plant contained two l-yd. tilting 
mixers fitted with charging hoppers and gear driven by 
electric motors. The mixers were set under three over- 
head aggregate bins each having a capacity of 150 cu. m 
(200 cu. yd.), the center one being for sand and the two 
outside ones for crushed stone. 

A 1°/s-in. cableway of 275-m. (900-ft.) span, with 
running and load lines of */,-in. plow steel, was driven 
by a two-drum electric hoist. Power for operation was 
furnished by a semi-Diesel electric plant of two 250-hp 
6-cylinder units. Cooling water for the engine was 
pumped from the river to a tank made of concrete and 
large enough to provide water for concrete and othier 
construction uses. 

On the foundation work of the arch section, the con 
crete mix used was 1:2'/2:5. When the crushing plant 
and quarry were in operation, the mix for the archi sec 
tion was changed to the proportions of 1:2.4:4.8, and 
a water ratio of 0.88 was adopted. Due to difficulties im 
handling the concrete in the chutes, this ratio was '- 
creased. The mix used for the gravity section was 
1:3:5.8, with a water ratio of 0.90. For the power hous 
parapet, trash rack, and hand-rail posts, a mix of |:2"4 

was used. The specific gravity of the concrete was 
found to vary from 2.10 to 2.16. 

The entire foundation for the arch and gravity sections 
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Vout No. 
drilled for pressure grouting. The holes were in two 
s about 5 ft. apart, and staggered. Work was begun 
anuary 1928 in placing the two 66-in. and the two 
n. outlet pipes through the dam. In May 1928, 
i}. 66-in. gate valves and the two Johnson needle valves 
were installed, and in June the 54-in. valves were placed. 
By the first of August the outlet works were ready for 
ration. Provision has been made for the future in- 
stallation of hydro-electric turbines on the 66-in. outlets. 


MULTIPLE-ARCH DIVERSION STRUCTURE 


Preliminary designs were made for various types of 
diversion dams at three alternative sites. These in- 
cluded variable-radius concrete arches with gravity 
abutments and concrete gravity overflow dams. Pre- 
liminary designs were also made for a masonry gravity 
overflow section which seemed to be cheaper than the 
other two types, but was abandoned because of the im- 
possibility of securing delivery of hydraulic lime in 
sufficient quantity to permit completion of the dam 
within the available time. 

A new design was then made for a multiple-arch dam, 
having masonry counterforts and reinforced concrete 
arches. The whole downstream surface of the counter- 
forts was covered by a reinforced concrete apron, 50 cm. 
20 in.) in thickness, in order to make the dam an over- 
flow structure. 

In making the analysis, of which I was in charge, a 
temperature drop of 10 deg. cent. from the top to the 


CONSTRUCTING THE ARCHES, DIVERSION DAM 


bottom of the dam was assumed. The design includes 
two 30-in. cast-iron outlets at elevation 1,912 m., which 
are controlled by two 30-in. handwheel-operated gate 
These valves are within the interior of the dam 
and are connected by a gallery through the piers and 
under the spillway to a stairway at the north abutment. 


valves, 


DIVERSION DAM CONSTRUCTION 


A macadam road, about 2 km. in length, was con- 
structed from the main road to the mixing plant above 
the diversion dam, for the hauling of cement, sand, and 
Another road section 500 m. (1,600 ft.) long, 
through heavy rock, on a grade of 11 per cent, was built 
to the bottom of the canyon. 

fours of inspection were made on both sides of the 
| to locate a suitable quarry site. The material 
on the north side was found to be very soft, badly dis- 
integrited, and of low specific gravity. The rock on the 
south side was much harder, ranging in specific gravity 
rom _.|Q to 2.50, and was considered suitable either for 


gTave 
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masonry or concrete. The quarry finally chosen was 
used entirely to provide the stone for masonry. Sand 
and gravel for concrete and mortar were obtained from 
a pit on the banks of the Rio Pabellon, near Pabellon 
Estancia about 4 miles from the diversion dam site. A 
very good quality of sand and gravel was excavated 
from this pit, although it was necessary to operate a 
crushing plant in order to get sufficient small-sized gravel. 

As was done in the case of the storage dam, two 
cofferdams were constructed for river control, and con- 
nected by a 4 by 6-ft. timber flume. The excavation 
was kept dry by pumping into the flume. A small amount 
of sheet piling was driven in the upper cofferdam to 
protect it from washing into the excavation. River 
control at this site was facilitated by storage at the 
Calles Dam, which was put into service in July 1928. 
The first excavation for the diversion dam was begun 
in December 1927, at the bottom of the canyon. The 
excavation for the masonry buttresses was squared off 
roughly and a level foundation prepared with concrete, 
averaging about 50 cm. (20 in.) in thickness. In the 
construction of the buttresses, stones of all sizes were 
used, varying from 15 cm. (6 in.) to 2 m. (6.5 ft.) in 
maximum thickness. They were laid on their natural 
bases, and the spaces between them were filled with a 
mixture of 1:3 cement mortar containing slaked lime 
equal to 15 per cent of the cement. The maximum prog- 
ress made in placing masonry was 102 cu. m. (133 cu. yd.) 
during an 8-hr. shift. 

Mixers were installed at the top of the hill, north of 
the dam. Concrete and mortar were chuted to the site, 
where they were deposited in hoppers, from which they 
were carried in two-wheeled push carts to the forms. 
Water for construction purposes was pumped from the 
river to a tank near the mixing plant. 

The first concreting was done in May 1928, in the cut- 
off trench under the arches in the bottom of the canyon 
section. Forms for the arches and the downstream 
apron, which were built in sections at the carpenter 
shop near the site, were so constructed that they could 
be used several times as the work progressed. The 
concrete was delivered from dump carts, running on a 
platform along the top of the masonry buttresses and 
unloading into 
flexible chutes 


leading to the ¥ 
forms. The entire ae 
foundation for the \ 


arch section was ae 
drilled for pressure 
grouting, holes 
being placed in 
two rows about 5 
ft. apart, and stag- 
gered, as in the 
case of the Calles 
Dam. In Decem- 
ber 1928, the two 
30-in. handwheel- 
operated gate 
valves were installed. The dam was put in operation 
in February 1929, when water was delivered to the 
Santiago Estancia. 

The construction of the first section of the main canal, 
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which was designed 
to irrigate an area 
of 9,200 hectares 
(22,750 acres), 
marked (1) in Fig. 1, 
was begun in June 
1927. The capacity 
of the canal and its 
structures was fixed 
at 13.5 cu. m. per sec. 
(476 sec-ft.). The 
design for the canal 
provided for a depth of water of 1.61 m. (5.3 ft.) and a base 
width of 9 m. (29.5 ft.). This wide shallow section was 
adopted because of the shallow top soil and the difficulty 
of excavating the underlying tepetate. Three wasteways 
were included in this first section, one at the inlet to 
the Pabellon siphon, one at the Saucillo siphon, and 
one at Kilometer 27, near the 
San Pedro siphon. 

Five inverted siphons were 
designed for the crossing of 
creeks, the largest one, under 
the Rio Pabellon, having a 
total length of 464 m. (1,520 
ft.) and a diameter of 2.40 
m. (7 ft. 10 in.). This has 
a reinforced concrete barrel 
buried in the ground, with 
inlet and outlet transitions 
carefully designed to reduce 
losses. It has a wasteway 
at the inlet consisting of a 
concrete chute extending to 
the river level, the flow 
into which is controlled by 
two radial gates. The maximum head on the siphon 
is 19 m. (62.5 ft.). All excavation and backfilling were 
performed by a dragline. 

Designs were also made for transferring water from 
the Pabellon Estancia system to the main canal and back 
by means of a wasteway into lower Pabellon Lake. 
Five checks were also included in the section, built of 
masonry and concrete and provided with timber flash- 
boards for the openings. 

Main canal excavation was carried on by means of 
four dragline excavators. Several plans were tried to 
obtain more efficiency from these machines. The first 
plan consisted in digging both the surface material, 
averaging less than 40 in. in depth, and the tepetate or 
hardpan, which lay below it, without blasting. This 
plan proved to be unsatisfactory as it took a long time 
to excavate the hardpan, and the draglines were not 
fitted for that work. Tepetate, an indurated earthy 
material, is in many cases more difficult to excavate 
than solid rock. 

The second plan tried consisted of making two trips 
with the machine, first removing the top material. 
Then, a gang of workmen drilled the tepetate by hand 
and blasted it so that it could be removed on the second 
trip of the machine. 

In the third method, which was finally adopted, both 
types of material were drilled and blasted to the full 
depth of the canal in one operation, after which the 
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machines had no difficulty in removing the loose materia. 
The principal objection to this plan was the difficulty of 
classifying the material removed. It was also necessary 
to borrow on both sides of the canal to get a good loam 
for inside facing, in order to make the banks impervious. 

All canal sections adjacent to structures, such as 
siphons, checks, and drops, and also certain reaches 
through porous material were lined with rubble masonry 
laid in lime mortar having a minimum thickness of 20 cm. 
(8 in.). A total length of 1,161 m. (3,800 ft.) of canal 
was thus lined. 

In 1927, the possibility of diverting the Rio Pabellon 
into the Santiago watershed above the Calles Dam by 
means of a long tunnel was investigated. Several plans 
were considered, and several preliminary designs and 
estimates on alternate locations were prepared for a 
tunnel approximately 3 km. (2 miles) in length. 

The approved plan provided for an unlined tunnel of 
horseshoe section, 3.40 m. 
(11.1 ft.) in diameter, witha 
section 3.20 m. (10.5 ft.) in 
diameter and 500 m. (1,640 
ft.) long, lined with masonry 
and concrete. Inaddition,a 
variable-radius concrete arch 
diversion dam 25 m. (82 ft.) 
in height was provided for 
at a point in the Pabellon 
Canyon about 1 km. below 
the tunnel inlet. 

Work on this diversion 
tunnei was begun in July 
1928. Due to the unex- 
pected proportion of bad 
ground, this tunnel is just 
being completed. It has been 
lined throughout with cement mortar masonry. Con- 
struction of the Pabellon Diversion Dam has been 
started but is temporarily held in abeyance. 

Exploration and investigation for dam sites on the 
Rio Morcinique and San Pedro are continuing and the 
topography of both these canyons is completed. The 
new city of Pabellon, headquarters of the project, has 
been laid out and its water supply and sewerage systems 
are complete. 

The total cost of the project to date is 9,000,000 pesos, 
Mexican currency, in which are included the investigations 
and some minor construction work on additional units. 
On the basis of the first unit, the area marked (1) m 
Fig. 1, the cost is 1,000 pesos per hectare ($200 per acre), 
but by the time the whole project is completed it is 
estimated that the cost will be reduced to 435 pesos per 
hectare ($87 per acre). 

I wish to thank the following men for their valuable 
cooperation and advice: Ignacio Lopez Bancalam, 
Director-Manager, and Jestis Oropesa, Head of the 
Technical Department, both of the Comicion Nacional 
de Irrigacion; C. H. Howell, M. Am. Soc. C.E., Chie! 
Engineer, and H. P. Bunger, Assoc. M. Am. Soc. C.F. 
Designing Engineer, both of the J. G. White Corpora 
tion; and Julian Hinds and Walter L. Drager, Members 
Am. Soc. C.E., who were Resident Engineers on the 
Presidente Calles development during its investigatio®, 
design, and construction. 
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be thought of as a flood 
spreading over the various 
fields of human thought and activity, 
submerging the lowlands and gradu- 
ally encroaching upon the higher 
elevations until even these are cov- 
ered. The results of research are 
gradually developed and accepted 
until all the islands of conservatism 
or inertia in technical practice are 
inundated. 

Among the civil engineering 
islands which up to the present time 
have resisted the advance of tech- 
nical progress, earthwork practice 
for is outstanding. As a basic material 
of construction, earth is as impor- 
tant as wood, steel, or concrete, if 
not more so. Although it is the 
most complex construction material with which the 
engineer has to deal, little is known regarding its physical 
and mechanical properties. Standard handbooks and 
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fills, 
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bad reference works either entirely fail to consider earth 
just as a material of construction or treat it vaguely. In- 
been dividual judgment, arbitrary formula, or rule of thumb 


Con- 
been 


are still largely depended upon in design and construc- 
tion. This is especially true in dealing with saturated 
earth, for custom does not demand that the engineer 


| the make a special preliminary investigation of groundwater 
1 the conditions, or that he assume responsibility when 
The difficulty arises. 

_ has In contrast, the failure of a competently designed 
tems superstructure, due to the unexpected behavior of the 


more artificial materials of construction, is rare. The 
modern engineer has at his command a wealth of accurate 
quantitative information regarding the classification, 
properties, and uses of these materials. The results of 
research and routine laboratory tests are in constant 
demand, and are depended upon for safe, efficient, and 
economic design. 

The unique position which earth holds among the 
basic materials of construction is due partly to the fact 
that it is a natural substance, the use of which extends 
back into antiquity, partly to the lack of uniformity in 
its occurrence, and partly to the difficulty of accurate 
With the increase in size and cost of modern 
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cional sampling. 
Chief structures and the dependence of many people upon 
C.E., them for prosperity and safety, the uncertainties and 


unknowns surrounding its efficient use are causing in- 
ng embarrassment to the engineer. Disintegra- 
' highway pavements, failure of dams and retain- 
ls, collapse of sewers, unequal settlement of 
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mbers 
n the 


understanding of the 

qualities of soils and earthy mate- 
rials used in engineering construction 
was brought to this country by Terzaghi, 
who had developed methods by which 
soil peculiarities might be predetermined 
by laboratory experiments. 
mental differences between sands and 
clays, separately and in combination, 
must be understood by designers of 
highways, foundations, levees, hydraulic 
storage reservoirs, 
Research on earthy materials has re- 
cently been much stimulated and a 
number of laboratories for the determina- 
tion of the physical characteristics of 
earth have been established. By making 
the tests here outlined such laboratories 
can materially aid the engineer. 


Earth as a Basic Material of Construction 


Purposes and Methods of Determining Its Characteristics 
By Cuarres H. Lee 


Member American Society or Crvit ENGINEERS 
Director, Paciric Hyprotocic Lasoratory, SAN FRANCISCO 


buildings, construction difficulties 
incident to wet excavation, and de- 
structive slides—all are a part of 
recent engineering experience and 
may often be traced to some unex- 
pected behavior of soil, especially to 
the settlement, swelling, or lateral 
movement of wet ground. 

The lack of definite knowledge 
regarding earth is not confined to 
structural design and construction. 
Soil is one of the raw materials of 
agriculture, in which moisture con- 
trol through drainage or irrigation is 
a vital necessity. Important prob- 
lems in this field still remain un- 
solved. More accurate and com- 
plete soil data are needed for engi- 
neering design of drainage and irri- 
gation systems. There is also a 
pressing need for a more intimate knowledge of the physi- 
cal behavior of water when applied to soil, in order to 
attain greater efficiency in irrigation. 

Earth is the container from which groundwater is 
extracted for economic uses. With the growth of popu- 
lation, this supply has been drawn on increasingly until 
groundwater depletion has become a matter of public 
concern even in humid regions. In the arid and semi-arid 
portions of the West an overdraft on the groundwater is 
particularly serious. Great sums of money are being 
spent on engineering investigations in an endeavor to 
remedy these conditions, and all such investigations 
have disclosed the lack of physical information regardin’; 
subsurface formations. 


The funda- 


and canals. 


WHAT CONSTITUTES EARTH 


The term “earth” is applied to the softer materials 
of the earth’s surface in distinction to firm rock. Its 
basic constituents, the products of rock disintegration 
and erosion, are gravel, sand, silt, and clay, the last- 
mentioned occurring in both particle and colloidal form. 
It may also be of other origin than rock disintegration, 
that is, organic, diatomaceous, or volcanic. Earthy 
materials may occur in pure deposits, but more fre- 
quently they are found as mixtures, often combined 
with colloidal gel and organic matter. Common 
examples are sandy clay, clayey sand, soil, loam, gumbo, 
adobe, hardpan, peat, and muck. Ordinarily, the 
terms “‘gravel,”’ “‘sand,”’ ‘‘clay,’’ and “peat,” refer both 
to pure deposits and to mixtures in which the designated 
material predominates. 

Water is present in earth to a greater or less degree, 
sometimes to the extent of supersaturation, as in quick- 
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sand and plastic clay. The presence of water, either in More recently there has been a new mode of attac! 
liquid or solid state, profoundly influences the behavior on this problem, in which laboratory research has led 
of earth and introduces the most uncertain element in Subgrade problems, arising in connection with the ex 
its use. In connection with saturated and super- tensive building of highways throughout the United 
saturated materials, there is an important distinction States, have led to intensive laboratory research of soi! 
to be made between water-bearing formations (aquifers) behavior. Comprehensive work has been done by the 
U.S. Bureau of Public 
Roads, and important 
contributions have 
been made by the 
Michigan State High- 
way Department and 
similar state organiza- 
tions. 

In 1925 the study of 
soil behavior was 
greatly stimulated by 
the arrival in this 
country of Charles 
Terzaghi, M. Am. Soc. 
C.E. His influence 


was reflected in the 
work of the Soils Lab- 
SEALING CHENERY ReseRvoIR BoTTOM oratory of the US. 
Leaking Areas Located by Soil Permeability Tests; Colloidal Bureau of Public . 
Bentonite Used in Suspension for Deposit as Sealing Agent Roads, and led to the 
establishment of the 
and beds of tight, fine-grained material (aquicludes). Soil Mechanics Labo- B 
Aquifers are permeable and both hold and transmit ratory at the Mas- 
water, whereas aquicludes, although porous and capable sachusetts Institute of 
of holding water, are impermeable and do not transmit Technology. He pre- is 
it appreciably. sented new concepts of pr 
the characteristics and so 
STATUS OF RESEARCH ON SOILS properties of various Fe 
More than fifteen years ago, the Board of Direction of earth types and out- a | 
the Society recognized the need for earth research by lined a new science of | 
appointing a special committee ‘‘to codify present prac- foundations. His | 
tice on the bearing value of soils for foundations and familiarity with Euro- rea 
report upon the physical characteristics of soils in their pean progress and his loa 
relation to engineering structures.’’ Valuable pioneer- active presentation of cor 
ing was done by this committee. It devised a scheme a a a new viewpoint has 
of classification based upon such characteristics as source Adobe Over Sandy Clay Subsoil stimulated engineer- 
of material, mineral composition, structure, porosity, ing thought and dis- diff 
water content, and texture, as determined from me- cussion in America. Soil research from the stand- it 
chanical analysis. While such information has proved point of construction has been paralleled by the inten- on | 
useful, much of it is laborious and costly to obtain and sive work of the U.S. Department of Agriculture and A 
little is of direct use in informing the engineer how the various state agencies in the study of soil for agricultural con 
material will behave in use. uses, and the pioneer work of the Hydrologic Laboratory con: 
The committee's research also emphasized the im- of the Groundwater Division, U.S. Geological Survey gTal 
portance of colloidal material in earth, and the possi- in testing water-bearing materials. From all these ence 
bility of using the percentage of this constituent as a studies are emerging a better understanding of funda- beh 
simple criterion of character. It has recently been mental causes and a clearer view of the future of earth- cont 
shown that a colloid is not a peculiar kind of substance, work engineering. part 
but rather a collection of particles of any substance so Aa and 
< SAND AND CLAY DIFFERENTIATED silt 
finely divided that the force of gravity is subordinate to apd. 
the forces of cohesion. Soil colloids consist of a mixture The most important contribution to modern soil Dotte 
of various organic and inorganic colloids and have research has been that of Terzaghi in bringing to light depo 
properties that may differ as greatly as those of the the fundamental reasons for differences between sand sma 
point 


various soils of which they are composed. Intricate and clay. Contrasts in the physical properties of these 
chemical investigations are required to identify the materials may be briefly stated as follows: 

various colloids and to determine their degree of mois- 1. Porosity 

ture satisfaction. Although this percentage is of vital The maximum porosity of sand is slightly less than 
importance, the early hope that it would serve as a 50 per cent, while for clays it may be as great as * 
simple basis for soil classification has not materialized. per cent. 
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Shrinkage 
sand maintains a practically constant volume during 
isture changes, but clay undergoes a marked reduc- 
a of volume in drying, and swells an equivalent amount 
en re-wet (Fig. 1). 

Cohesion 
-lean sand has negligible cohesion, but clay has a 
uarkable amount, although it varies in degree with 
moisture content. 
|. Plasticity 
Sand does not change its form without a change in 
volume, but clay is plastic, that is, it has the property 
of changing its form without changing its volume. 
5. Compressibility 
Sand is but slightly compressible under load, whereas 
homogeneous clay exhibits both compression when a load 


Atr-Drrep Pats SHow VOLUMETRIC SHRINKAGE 


A. Bentonite C. Pumicite 
B. Sandy Clay D. Adobe (Encased in Paraffin for Volume 
Measurement) 


is applied and elastic rebound when it is removed. This 
property is particularly noticeable in fat clays and peat 
soils, and Glennon Gilboy, Jun. Am. Soc. C.E., in the 
February 1928 issue of PROCEEDINGS, showed it to be 
a property of sand when mixed with flat mica grains. 

Rate of compression 

Supersaturated or saturated sand with good drainage 
reaches its ultimate compression almost instantly when 
load is applied, while supersaturated homogeneous clay 
compresses very slowly under load. 

7. Permeability 

Sand readily transmits water with ordinary pressure 
differences, but clay is relatively impermeable, although 
it has a wide range in transmission capacity, depending 
on its density. 

Although apparently unrelated, the cause of these 
contrasting properties can be explained simply by a 
consideration of the size, shape, and character of the 
grains. Size, for example, is largely responsible for differ- 
ences in porosity. This results from the fact that the 
behavior of larger grains, such as sand and coarse silt, is 
controlled by the force of gravity, while fine silt and clay 
particles are subject to other forces, such as adhesion 
and the surface tension of liquid films. When sand and 
silt grains settle out from suspension they roll to the 
bottom of the nearest depression in the sedimentary 

deposit and so build up a relatively dense structure. 

Smaller particles, however, adhere rigidly at the first 

point of contact and thus build up a spongy structure. 

Particles of colloidal size, when their electrical charge is 

neutralized by an electrolyte such as sea water, form 

spongy floes in suspension, which, upon precipitation, 

uild up a honeycomb structure with voids that may 

excec” 0 per cent of the volume. In a similar manner, 
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all the properties of sand and clay here listed can be 
logically explained. 


CLASSIFICATION OF EARTH 


The differing physical properties of earths are merely 
the visible effect of corresponding differences in the size 
and shape of the grains, in the water content, and in the 


CYLINDERS OF SANDY CLAY TESTED IN COMPRESSION 


Intersecting Shear Planes Appear 
A. 17 Per Cent Moisture by Weight 
B. 27 Per Cent Moisture by Weight 


structure. The obvious conclusion from stich an 
analysis of soil behavior is that, by separating a given 
sample of earth into its constituent sizes and determining 
its structure, the assembled aggregate can be identified 
and its behavior foretold. This method has been 
generally followed by soil physicists and has attracted 
many engineering investigators. Although adapted for 
agricultural tests, it has led to unexpected complexities 
for the engineer, and has never produced usable results. 

It is analogous to an attempt to determine the com- 
pressive strength of concrete by an intensive investiga- 
tion of the properties of stone, sand, and cement, instead 
of breaking a cylinder in the testing machine. Although 
a knowledge of the molecular, cellular, or constituent 
structure of a material is desirable, it does not furnish 
information of immediate use to the engineer. 

The more practical method and the one toward which 
laboratory research is now leaning, is that so successfully 
followed in the investigation of the standard materials 
of construction such as steel, wood, and concrete. By 
this method are catalogued the various properties of a 
material which have a practical significance in its use, 
and determination is made by test and experiment of its 
actual behavior. Information thus obtained can be 
reduced to a quantitative basis and applied directly in 
design. 

Research in soil mechanics and its practical applica- 
tion in the development of standard laboratory tests has 
made great progress in the last ten years. A review of 
laboratory testing practice for subgrades, foundations, 
earth dams, and groundwater hydrology, reveals the 
following tentative list of standard tests which may be 
considered useful or essential in a classification and full 
description of the physical properties of earth: 

1. Mechanical analysis 

A size distribution curve by itself does not ordinarily 
furnish data which can be directly used in engineering 
design. However, it serves to give a picture which is 
useful in connection with other tests. With the develop 
ment of a satisfactory method for rapid and reasonably 
accurate determination, embracing the full range of sizes, 
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including colloidal clay, it will continue as a standard 
test. In conjunction with it the amount of organic 
material should be determined. 

2. Microscopic examination 


For fine-grained soils, this examination should include 
a determination of the shape of the grains and of the 


HyDROMETER FOR RAPID MECHANICAL ANALYSIS OF FINES 
Method Perfected by Pacific Hydrologic Laboratory 

original structure of the soil—whether homogeneous, 
fissured, or crumbly. 

3. Colloidal fraction 

Special studies of character, including amount of ad- 
sorption of water vapor are sometimes useful. 

Moisture content 

Chis content is measured by determining what per 
centage by weight the dry solid matter is of the material 
in its original condition. 

5. Centrifugal moisture equivalent 

Che percentage of water retained by a saturated soil 
under a centrifugal force GS)equal to one thousand times 
the force of gravity. As a preliminary test this is useful 
in distinguishing permeable from impermeable soils, and 
those subject to frost heave and swelling from those 
which will experience only bulking. 

6. Field moisture equivalent 

This test gives the maximum percentage of water that 
a soil will absorb when its moisture content is gradually 
increased by the addition of water. It is useful in con- 
nection with highway subgrade work. 

7. Porosity 

Porosity is measured as the volume of voids, in per 
cent, of the total volume of the material in its original 


undisturbed condition. 


Vou. 1, Nowa 
8. Limiting porosity of loosest and densest structur: 
This test is useful for granular materials such as sand 
9. Plasticity 
This test determines the moisture content at lowe: 

liquid and lower plastic limits, from which data the plas 

ticity index can be computed. Its use is confined to 
plastic soils, since friable soils do not have plastic proper 
ties at any moisture content. This and the following test 
were devised by A. Atterberg, of Sweden, and since in 
troduced by Terzaghi they have been extensively used in 
the United States. 

10. Shrinkage determination 

In this test, soil saturated to an easily workable condi 
tion is completely air dried, and its moisture content and 
volume are measured at the initial and final stages 

A photograph shows the shrinkage of air-dried pats of 
bentonite, pumicite, sandy clay, and adobe. Bentonite 
and pumicite both occur as natural deposits of finely 
divided volcanic ash. The unique swelling character 

istics of bentonite result from its great age and the r 

duction of its particles to colloidal size by chemical 

decomposition, produced by weathering. Pumicite 
particles retain their original bulky sand-like character 
and are characterized by absence of shrinkage. The 
clay and adobe pats illustrate the shrinkage of the plastic 
materials ordinarily met with in engineering construction. 


EQUIPMENT FOR PERMEABILITY TESTS 
Core in Glass Cylinder Arranged for Upward Flow; Feed Lu 
Descending from Vacuum Tank at Right to Remov 
Air from Water 


From these data can be obtained values for the shrink 
age limit, the shrinkage ratio, the volumetric and |inea! 
shrinkage, and the approximate specific gravity. Th 
results of Tests 9 and 10 can be assembled convenient!) 


Swelling represents water 0! 


on a single diagram, Fig. |. . 
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supersaturation. Sand is rendered liquid or “qui 
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excess of water, but clay passes through an inter- 
liate plastic stage before becoming liquid. Due to its 
zhly colloidal character, bentonite swells from 10 to 20 
mes its original or dry volume before becoming liquid. 
sure | shows successive states of these three materials 
moisture content increases from zero, together with 
limiting values of each state and the plastic index or 
nge. 
Specific gravity of solid matter (grains) 
2. Permeability 
Permeability is usually expressed as a numerical 
efficient representing the rate of volumetric flow 
hrough a unit cross section, acting under a hydraulic 
sradient of 100 per cent. A permeability-void diagram 
; necessary for fine-grained materials, as the coefficient 
varies with the degree of compression or density. 
3. Compressibility and expansion 
(nder ordinary loads the change in volume of earth 
with change in load results from the decrease or increase 
the volume of the voids. The data obtained from 
compressibility tests are ordinarily assembled as pres- 
sure-voids ratio diagrams, showing the complete cycle 
from no load to full load and the reverse. Clays have 
high compressibility and a corresponding elastic rebound 
lue to the presence of flexible flat grains. Mixtures of 
mica and sand have compression diagrams similar to clays. 
Consolidation 
Consolidation is the gradual compression, due to the 
squeezing out of excess water, which takes place when 
fine-grained supersaturated soils are subjected to load. 
It is to be distinguished from the almost instantaneous 
compression which occurs when dry sand, dry clay, or 
saturated sand are loaded. The results of this test are 
expressed as a compression-time diagram. The con- 
solidation test is of great value to the engineer since it 
niorms him of the expected rate of consolidation and 
settlement of a given material under load. 
». Compressive strength 
[his test is applied to clay in cubic or cylindrical form 
ind indicates the limiting pressure that the sample will 
rry and the inclination of the two shearing planes 
which appear at failure. From the results may be derived 
the angle of internal friction of the material and its 
resistance to pure shear, or cohesion, as it was termed by 
Coulomb. When applied to undisturbed core-drill 
samples with their original water content, this test 
ids information of great practical value in foundation 
and earth dam construction. 
Resistance to shear 
coefficient of internal friction and resistance to 
may be measured directly by the use of special 
iratus, several types of which have been devised. 
‘his method is superior to the compression test because 
is applicable to all types of soils. 


PRACTICAL DIFFICULTIES TO BE OVERCOME 


s list includes practically all the properties of earth 
oneern the engineer. Certain of them are known 
nterrelated. Future research and the accumula- 
' test data will undoubtedly reveal a simplified list 
in preliminary investigations or in work of small 
ide. It should also be recognized that certain 
ies are of importance in one field of practice and 
others, and that consequently it is necessary to 


Civit ENGINEERING for August 1937 


IOIg 


consider only a limited group of properties in connection 
with any particular earthwork problem. 

The practical application of the results of research 
work to soil mechanics is still in embryo, and there are 
obvious difficulties to be overcome. Foremost is the 
securing of undisturbed earth samples for testing pur- 
poses. Fortu- 


nately this prob- 
lem has been en- * 
countered in other 5 4 
| 
Ez. 20 
2 Shrinkage Limit 19.0 
| 
20 40 20 40 60 80 
Per Cent Volume Change Per Cent Volume Change 


Yellow Sand 


Yellow Sandy Clay 


Liqued | 


Mosture Content,in Per Cent of Ory Weight 


Per Cent Volurne Change 


Typical Bentonite 
Fic. 1. SHRINKAGE CURVES 


lines of technical activity, especially in the agricultural 
and petroleum industries, and it is now receiving active 
attention in the engineering field. Considerable accumu- 
lated experience and much equipment which has passed 
the experimental stage are available. It is believed that 
this problem is already well on the way to a solution, 

Another difficulty arises from the more or less hap- 
hazard variability of sedimentary formations, which 
often necessitates intensive sampling in order to obtain 
an accurate knowledge of average soil conditions. When 
tests are run on a great number of samples, the cost and 
delay are frequently prohibitive. The solution of this 
problem will probably be found in the development of 
simple routine tests, which, in conjunction with com- 
plete control tests on type samples, will furnish sufficient 
data for the purpose desired at reasonable expense. It 
should also be recognized that, as a mass of analyzed test 
data accumulates, a background for judgment will be 
built up which will be of great value in reducing the 


volume of testing which might otherwise be necessary. 


A third, although somewhat temporary difficulty, is 


the non-availability of laboratories with equipment and 
technic for routine testing work. The well established 
soil mechanics laboratories are engaged either in research 
or in Government routine testing work. Among these 
may be listed the Soil Mechanics Laboratory, Massa- 
chusetts Institute of Technology; the Soils Laboratory, 
Division of Tests, U.S. Bureau of Public Roads; the 
Hydrologic Laboratory, Groundwater Division, U.S. 
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Geological Survey; 


tion Experiment 
Hydrologic Labora- 
tory at San Francisco 
is being equipped with 
apparatus selected 
from that in use at all 
three of these labora- 
tories, and is develop- 
ing laboratory technic 
for general soil testing 
work. Asthe demand 
grows, similar labora- 
tories will doubtless be 
established at other 
points. 


PRACTICAL APPLICA- 
TIONS ARE MANY 


In addition to per- 
forming standard 
tests, earth-testing 
laboratories can be 
very useful in special 
research problems. 
An interesting exam- 
ple is the development 
of methods for increas- 
ing the impermeability 
of earth used in hy- 
draulic structures 
through control of col- 
loidal material. This 
may be accomplished 
either by defloccula- 
tion of the colloids 
already in the soil, or 
by the introduction of 
a highly colloidal ma- 
terial such as bento- 
nite. Both methods 
have been successfully 
used at moderate cost 
under technical and 
laboratory control. 

Bentonite is a de- 
vitrified volcanic ash 
geologically associated 
with Tertiary forma- 
tions and occurring at 


numerous localities 


throughout the western states and British Columbia. 
It contains 70 per cent or more by weight of particles 
of colloidal size, and except in the presence of an 
electrolyte, many varieties precipitate out from suspen- 
sion as a tenacious and impervious colloidal gel. 
lation by an electrolyte such as alum or salts, occasion- 
ally in solution in natural waters, forms a precipitate of 
honeycomb structure which is not impervious. 


Station, 
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of Bentonite is especially useful in sealing leaky reservoir 


and soil testing departments 
various state highway department laboratories. 
More recently, private laboratories duplicating that at 
the Massachusetts Institute of Technology have been 
established by Metcalf and Eddy, Consulting Engineers, 
in Boston, and by the Hawaiian Sugar Planters Associa- 
at Honolulu. 


The Pacific 


or canal bottoms. 


PractTicaL AppLicATIONS OF LABORATORY TESTS ON EARTH 


EARTH 


Highway subgrades 


Foundations 


Hydraulic structures 
dams and levees) 


Surface storage reser- 
vors 


Canals 


Hydraulic fills (dams, 
suberades, and 
dredger fills) 


Underground storage 
reservoirs 


LABORATORY TEST 


Liquid limit 
Plastic limit 
Plastic index 
Shrinkage limit 
Shrinkage ratio 


Centrifugal moisture equiva- 
lent (preliminary test) 


Field moisture equivalent (pre- 


liminary test 
Compressibility and elastic re- 
bound 
Permeability 


Compressibility 

Permeability 

Plasticity 

Cohesion (to be supplemented 
by actual loading tests where 


possible) 


Compressibility 
Permeability 


Cohesion 
Shrinkage 


Permeability 


Cohesion 
Shrinkage 


Permeability 
Carrying velocity 
Cohesion 
Shrinkage 


Compressibility 
Permeability 
Cohesion 
Shrinkage 
Porosity 


Specific yield 
Permeability 


Compressibility and elasticity 


Floccu- 


possible and necessary. 


PuRPose 

To Determine: 

Moisture percentage necessary 
for sliding 

Minimum moisture percentage 
for plasticity 

Moisture range between semi 
solid and liquid states 

Moisture percentage at mini- 
mum volume 

Contraction and expansion 
with moisture change 

Permeability and capillarity as 
related to frost heave and 
other factors 

Shrinkage and cohesion 


Possibility of consolidation 
Drainage requirements 


Extent of consolidation 

Rate of consolidation and 
quantity of groundwater to 
be handled from excavations 

Probability of plastic deforma- 
tion 

Relation between settlement 
and diameter of loaded area 


Extent of consolidation 

Rate of consolidation, location 
and depth of adjacent bor- 
row pits, hydraulic trans 
mission characteristics of 
construction material 

Stability of material 

Cracking characteristics of ma- 
terial 


Location and extent of leakage 


Stability of margins 
Tendency of bottom to crack 
when dry 


Location and extent of leakage 

Extent of silting or scouring 

Stability of banks 

Tendency of bottom and sides 
to crack when dry 


Relative volumes of material 
originally and in fill 

Rate of settlement 

Stability under load 

Cracking characteristics 


Total storage capacity 

Effective storage capacity 

Rate of filling, leakage through 
confining strata, rate of com- 
pression and “expansion of 
artesian strata due to pres- 
sure change 

Storage capacity in aquifers 
produced by artesian pres- 
sure 


Very active leakage will carry it into 
the pores and effectively close them. Where the velocity 
of the percolating water is slow, however, the layer o/ 
precipitate must be depended upon. 
blanket of coarser material is desirable if the treated 
reservoir bottom is subject to exposure. 


In such case a 


Laboratory test 
data can be practically 
applied in almost al! 
branches of engineer- 
ing and construction 
work which involve 
the use ofearth. Such 
data are useful in de- 
sign, in the selection 
of sites for structures 
on unconsolidated ma- 
terials, in the choice 
of earthwork material, 
in the development 
and artificial replen- 
ishment of ground- 
water, and for the 
control of quicksand, 
of earth in excava- 
tions and slides, and 
of soil moisture in ir- 
rigation and drainage. 
The accompanying 
tabulation is sufficient 
to show that the field 
covers at least the 
whole range of civil 
engineering practice. 
In addition to the 
laboratory tests here 
listed, a more or less 
complete mechanical 
analysis is always use- 
ful, as is also a micro 
scopic examination. 


STANDARDIZATION IS 
NECESSARY 


To summarize 
briefly, modern scien- 
tific research has not 
been applied to earth 
work practice as it has 
been to the use of 
other materials of con 
struction. A stage of 
progress has now been 
reached when such an 
application is both 


To quote Terzaghi, “‘The first re 
quirement for improving conditions consists in standard 
izing the methods of soil classification, and the second 
in consistently applying present knowledge of soil me 
chanics to observations in the field.”’ 
ratory is of major importance in accomplishing thes 
results, not only by performing standard tests but als 
by solving special research problems. 


The testing lab 
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Better Control of the Lower Mississippi 


1 Proposed Navigable Channel and Floodway Through the Tensas and Atchafalaya Basins 
By J. P. Kemper 


‘st 4 Member AMERICAN Society or Crvit ENGINEERS 


lly Consuttinc Hyprautic Encineer, New Orteans, La. 
all 
= UT few people realize the diffi- A IRDING to prevent plans, con- Work has been suspended on the 
on B culties that still impede the trol of flood heights in the lower proposed guide levees within the 
ive effective solution of the flood Mississippi must be at the cost of using Boeuf and Atchafalaya basins, but 
ich control problem of the Mississippi ‘‘fuse-plug’’ levees, designed to be over- the main river and lower tributary 
de- River. The great majority think ‘lopped, which may cause inundation cf levees, with the exception of the 
ion that the passage of the Flood Con- a third of the entire lower flood plain. proposed fuse-plug sections, are be- 
res trol Act, in May 1928, settled the 70 prevent this immense economic loss, ing rapidly raised and strengthened 
na- : matter for all time. Only a few Mr. Kemper proposes an independent tothe new grade and section. When 
ice realize that this act was a more or floodway and navigable channel between the next flood comes, the fuse plugs 
ial, less haphazard compromise, dic- the Arkansas and Red rivers, together will fail and the Boeuf, Lower 
ent tated by the necessity of restricting with improvements in the Atchafalaya Tensas, and Atchafalaya basins will 
en- costs to a point where the adminis- Basin. In so doing he submits an in- be as effectively and completely 
nd- tration’s approval could be secured. feresting and novel method of measur- inundated as if there had been no 
the This economic requirement sub- ing floods and predicting flood heights. litigation. 
nd, jected the Boeuf, Lower Tensas, His ‘‘rate scale’ should be welcomed Recently Lytle Brown, M. Am. 
va- and Atchafalaya basins—composing by all students of river hydraulics. Soc. C.E., Chief of Engineers, sug- 
and a full third of the entire 30,000 sq. gested modifications of the Jadwin 
ir- miles of the flood plain—to conditions which, if carried Plan providing a concrete weir at the head of the Boeuf 
age. out, it is believed by the inhabitants of those areas will Basin, with a movable center and ditch 30 ft. deep leading 
ing be confiseatory. from the weir to the head of the Atchafalaya Basin, 
ient The project adopted provides that all main river and where a similar weir would be provided. This is a step 
ield some lower tributary levees shall be raised about 3 ft. toward the plan presented in this paper, but in my 
the and greatly strengthened, leaving in their present condi- opinion, it does not go far enough. 
civil tion about 50 miles of levees immediately below the 
tice. mouth of the Arkansas, at the head of the Boeuf and SS a 
the Tensas basins, and about 25 miles of levees along Bayou The studies here recorded were made under the 
here des Glaises and Old River, below the mouth of the Red assumption that the court of final resort would decree 
less River, at the head of the Atchafalaya Basin. that no greater duty rests upon the Boeuf and Atcha- 
uical falaya basins to bear without indemnification the burden 
use- ee Se of the artificially accelerated surplus run-off from 41 
icro The purpose of the project—which will be realized if per cent of the United States, than rests upon the re- 
n. it is put into effect—is to have these low, weak levee mainder of the 30,000 sq. miles of the alluvial plain 
is sections, called ‘‘fuse plugs,” fail through being over- between Cape Girardeau, Mo., and the Gulf. This 
topped when the flood rises to within 3 ft. of the tops entire area was subject to overflow before the first levee 

. of the levees elsewhere. The effect will be to destruc- was built in front of New Orleans in 1717. 

rose tvely inundate the Boeuf, Lower Tensas, and Atcha- There seems to be no foundation in justice for the 
cien- ialaya basins, comprising about 10,000 sq. miles, thereby assumption that a third of this area should be saddled 
) not protecting from floods the remainder of the flood plain— with the entire burden of destructive floods while the 
arth about 20,000 sq. miles. This is claimed by the authors remainder is protected wholly at the cost of the Federal 
t has of the project to be an economic necessity. Thefactthat Government. It would appear that the equity and 
lia the levees at the heads of these basins are not to be simple justice which are guaranteed by the Constitution 
con lowered or weakened was used as an argument against would require that, if the Boeuf and Atchafalaya basins 
ge ol any lability for the damages which would result from are to be condemned to receive this tremendous run-off, 
been their overtopping and failure. they should be entitled to indemnification to the extent 
h an (Juite naturally, this viewpoint did not appeal to the of being put at par with the remainder of the flood plain 
both property owners, and litigation resulted. The Court which is protected through their sacrifice. 

stre ' Appeals has confirmed the decision of the Federal To carry out the adopted fuse-plug project in its en- 
dard Court of the Western District of Louisiana to the effect tirety and adequately to indemnify for all inundated 
cond that if floodways are made of these areas, flowage rights areas would necessitate the expenditure by the Federal 
| me must be acquired. But under the Flood Control Act Government of probably $250,000,000 more than the 
“0 there is no money available with which to pay, and the present authorized sum of $325,000,000. In addition, 
a re of the Corps of Engineers, made immediately this project permanently dedicates to floods four or five 


lore Congress adjourned in March, indicated that it will 
act oppose legislation to provide such money. 
I 


million acres of rich alluvial land, more than half of 
which is now in profitable use and the balance of which 
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can be made available for use under a competent project. 
It is evident, therefore, that a better plan than the 
adopted project is much to be desired. The study here 
presented was made in the hope that it would be useful 
in the search for such a plan. 


MEASURING A FLOOD 


Designers of the adopted project for flood control state 
that, in calculating the magnitude of floods, gage heights 
of the past, rather than discharge records, were relied 
upon. As levee extension has progressed, greater gage 
heights have been required to bring about given dis- 
charges, and hence the adoption of this procedure appears 
to involve a grave error. A glance at the gage heights 
at Arkansas City, below the mouth of the Arkansas, will 
show that they have crept up progressively from 47 ft. 
in ISS2, the greatest flood known except perhaps that 
of 1927, to 60.4 ft. in the last-mentioned year; and had 
it been possible to confine that flood it probably would 
have The same condition prevails 
throughout the valley. The stage at New Orleans in 
ISS2 was 14.9 ft., but in 1912, 1922, and 1927, it exceeded 
21 ft. 

Variations in discharge measurements for given stages 
seldom exceed a relatively small percentage and are 
attributable to such causes as nearby crevasses, varia- 
tions in available storage areas, and length of high- 
A short flood has a greater velocity for 


exceeded 70 ft. 


water periods. 
a given stage than a long one. 


A RATE SCALE DEVISED 


In the course of the study here described, a new system 
was devised for measuring floods arriving at and below 
Arkansas City. All the water that reaches Arkansas City, 
except that falling on about 4,000 sq. miles near the 
mouths of the White and Arkansas rivers, must pass one 
of three stations at which discharges are measured— 
Helena on the Mississippi, Clarendon on the White, and 
Little Rock on the Arkansas. Run-off from the 4,000 sq. 
miles below these gage stations, which would average 
about 7,000 or 8,000 sec-ft., was ignored as being about 
necessary to compensate for evaporation and absorption 
by vegetation. 

For nearly one hundred years discharge observations 
have been made and recorded by the Mississippi River 
Commission and other agencies. From these records 
standard tables of discharges have been compiled. In 
compiling these tables, the most recent available obser- 
vations were used. 

A time allowance was made for the water to travel 
from the several stations to Arkansas City. The dis- 
charges each day at these several stations were deter- 
mined from the gage heights by applying the tables of 
standard discharges, which might be termed rate scales. 
After the proper time allowance had been made, the sum 
of the discharges at Helena, Clarendon, and Little Rock 
represented the total amount of water to arrive at the 
basin at the mouth of the Arkansas. 

A rate scale was made to represent the water that 
went into storage above the Arkansas for each tenth rise 
on the Arkansas City gage. It was based on a storage 
area of 200 sq. miles at a gage height of 42.5 ft., in- 
creasing uniformly to 1,400 sq. miles at a gage height 
of 62.5 ft., this last being the maximum safe height at 
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Arkansas City, as established by the Corps of Engineers 
VERIFYING THE COMPUTATION 


After the rate scales were compiled, they were tested 
in the following manner. The flood of 1929 was the 
greatest that was ever carried successfully to the Gul! 
between levees without a crevasse. It reached a stag: 
of 58.8 ft. at Arkansas City. By applying the rat 
scales to the gage heights at Helena, Clarendon, and Littk 
Rock, during the flood of 1929, the volume in second 
feet arriving each day at the mouth of the Arkansas 
was determined. Then, by applying the rate scale for 
the discharge at Arkansas City and for storage into 
the basin above the Arkansas, the gage heights at Ar 
kansas City necessary to take care of this water were 
computed. 

If the rate scales were minutely correct, this method 
of computation would be an exact science. The stage 
must rise enough to enable the combined discharge past 
Arkansas City and the water put into storage above the 
Arkansas River to equal exactly the amount to arrive 
there. 

After calculating for each day the stages at Arkansas 
City necessary to take care of the flood, there was 
placed beside these calculated stages, in a parallel 
column, the actual stages recorded at Arkansas City 
during the flood of 1929. The accompanying Fig. | 
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Fic. 1. TESTING THE RATE SCALE 
Flood of 1929 at Arkansas City 


shows, in dotted line, the calculated stages, and in solid 
line, the actual stages. 

Although the discharge observations on which the 
rate scales were based were rather limited, and the areas 
of the storage basin for given stages were not determined 
with great accuracy, the conformity of the calculated 
and actual stages is remarkably close. The evidence 
convincing that discharge measurements are dependab 
when used with a very moderate factor of safety. The 
compensation of errors no doubt takes care of much ol 


i 
] 


the inaccuracy. 

When applied to the flood of 1927, the rate scales 
indicate that a stage of 70.6 ft. would have been required 
to confine the flood between levees past Arkansas Cit) 


FLOOD WATERS DISTRIBUTED 


The next step is to add together the discharges at 
Helena, Clarendon, and Little Rock, during the f! 
of 1927, and to obtain the total amount of water wh 
arrived at the basin above the mouth of the Arkansas a! 
that time. The diagram, Fig. 2, indicates that tus 
slightly exceeded 2,800,000 sec-ft. at its peak on April 2 
But on April 21, the levees failed on the lower bank 
the Arkansas, inundating the Boeuf and Tensas basins 
and opposite Arkansas City, at Mound’s Landing, ™ 
undating the Yazoo Basin in Mississippi. 
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Between April 10 and May 22, as shown in Fig. 2, 
out 167 million acre-ft. arrived at the basin above the 
outh of the Arkansas, of which 117 million acre-ft. 
issed down the Mississippi River, and 54'/, million 
it the river through crevasses. Of this last amount 
out 4'/, million went into storage before April 10. 
In Fig. 3 are shown the several discharges at Helena, 
Clarendon, and Little Rock, their sum producing the 
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Fic. 2. Disposir1on oF FLoop WATERS 
Flood of April and May 1927 


total to arrive at the basin above the mouth of the Ar- 
kansas. There is also shown an estimated discharge of 
950,000 sec-ft. down the river past Arkansas City, at 
, stage of 62.5 ft., which has been established by the 
Corps of Engineers as the safe maximum at that point. 
rhis diagram further indicates that between April 20 
and May 6, there arrived at the mouth of the Arkansas 
about 16 million acre-ft. of water in excess of what can 
he safely carried down the river when the levees are 
ompleted to the new adopted grade and section. Com- 
parison of Figs. 2 and 3 brings to light the important 
t that, in 1927, lack of provision for 16 million acre-ft. 
water at the mouth of the Arkansas caused crevasses 
which spread 54 million acre-ft. over the country. 


IMPROVING ON THE FUSE-PLUG PLAN 


since fuse-plug crevasses, when once started, do not 
discharging until the river gets below the bank-full 
stage, they act the same as ordinary crevasses, devas- 
ng valuable property with more than three times as 
much water as the excess over the safe carrying capacity 
he river. It would seem that good economics would 
re that 16 million acre-ft. should be provided for 
say, a margin of safety of 25 per cent (or a total of 
-\' milion acre-ft.), rather than that 54 million acre-ft. 
should be released through a fuse-plug crevasse, into 
oeuf Basin, a flow which must again be reckoned 
it the head of the Atchafalaya Basin. 
study was first made along the following lines: an 
floodway 12,000 ft. wide was tried through the 
Basin to begin discharging at bank-full stage, 
‘ is 42.5 on the Arkansas City gage. This plan did 
‘ prove satisfactory because the capacity of the flood- 
vay provided no margin of safety over the 1927 flood, 
backwater areas were too great. 
‘, a still narrower floodway was studied with pro- 
‘sion lor excavating to a depth necessary to carry the 


1927 flood with a reasonable margin of safety. With all 
the cost taxed against flood control, this was found to be 
very expensive. It suggested, however, a combination 
flood-control and navigation project which appears to 
have great merit and to be well worth the cost. 

The project is shown graphically in Figs. 4 and 5. 
It consists of a navigation channel with a bottom width 
of 200 ft., and a bottom grade sloping uniformly from 
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Discharge in Thousands of Second-f eet 


Fic. 3. Sources or 1927 FLoop 
Relation to 62.5-ft. Gage at Arkansas City 


% ft. below extreme low water at the mouth of the Ar- 
kansas, to 9 ft. below extreme low water at the mouth 
of the Red. The side slopes are | on 2'/s, to a height of 
25 ft. above the bottom. At this point the channel 
becomes a floodway, widening out on a gradually rising 
slope to levees located 1,600 ft. each side of the center 
line of the canal. The top grade of these levees will 
slope uniformly from 63.5 on the Arkansas City gage to 
60.5 on the Red River Landing (Angola) gage. This 
slope conforms to the new grades now being established 
by the Mississippi River Commission between these 
points. 

By applying the rate scales previously described, it 
was found that, had there been such a combined naviga- 
tion channel and floodway during the flood of 1927, the 
stage at Arkansas City would not have exceeded 60.3 ft. 
As the safe maximum stage is 62.5 ft., the margin of 
safety seems ample to provide for any flood which might 
reasonably be expected. 


REGARDING THE SUPER-FLOOD 


At this point a word about the so-called super-flood 
might be in order. This much-talked-of flood, to come 
once in 200 years, is a pure myth. It could be brought 
about only by excessive rainfall over the entire valley at 
once, but no combination of physical conditions based 
on past experience warrants any such occurrence. The 
area involved is too great and too varied in character. 
No prognostication is justified beyond a reasonable mar 
gin of safety over the greatest known flood. 

The greatest known flood at the mouth of the Arkansas 
was that of 1927. It was brought about by adding to a 
rather severe flood on the Upper Mississippi (which 
followed close behind a flood on the Ohio River), floods 
50 per cent greater than ever before known on the 
White and Arkansas rivers. There is no justification 
for more than a reasonable increase over the flood of 
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1927 at the mouth of the Arkansas; and an additional 
freeboard of 2.2 ft. at Arkansas City affords this reason- 


able margin of safety. 
AN AID TO NAVIGATION 


Such a combination floodway and navigation channel 
down the Tensas Basin, in addition to solving the flood 
problem in that area, without the destructive Boeuf 
floodway, would afford a year-round straight navigation 
channel with a minimum depth of 9 ft. at dead low 
water. This channel would extend from the Mississippi 
River at the mouth of Cypress Creek (just below the 
mouth of the Arkansas), to the Red River, a few miles 
above its mouth 

Space is not available here to describe in detail the 
advantages to navigation of such a channel as compared 
to the present river route. Briefly stated, the distance 
from the mouth of the Arkansas to the mouth of the 
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PROPOSED NAVIGABLE CHANNEL AND FLOODWAY 
TeNSAS BASIN 


For Flood Relief of the Lower Mississippi Valley 


Fic. 4 


Red River is shortened 140 miles, and a straight channel 
is afforded with a perpetual minimum depth of 9 ft. 
The channel in the main river between these points 
is often far less than 9 ft. deep and is very tortuous. 

Excavation necessary for this combination navigation 
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channel and floodway is less than one billion cubic yards 
and should not cost more than 15 cents per cu. yd., o 
not in excess of $150,000,000. Admittedly, this is ; 
large sum and such an expenditure in that area for floo: 
control alone would probably not be justified, but whe: 
coupled with such a useful navigation project. its cost is 
amply warranted. 


IN THE ATCHAFALAYA BASIN 


The Atchafalaya River is strictly an outlet stream 
which leaves the Mississippi a short distance below the 
mouth of the Red River. It flows 120 miles to the 
Gulf, as compared with 300 miles down the Mississippi 
past New Orleans. At flood, the Atchafalaya carries 
450,000 sec-ft., which is one-third as much as the 
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Fie. 5. 


Mississippi takes to the Gulf, and three times as much 
as the Red River normally delivers during flood. The 
Atchafalaya actually carries to the sea all the flood water 
of the Red River and a fifth of that which passes Natchez 
in the Mississippi. Since its length to the Gulf is only 
two-fifths the distance by way of the Mississippi, its 
slope is 2'/> times as great. 

It is an ideal location for a relief outlet. This is 
proved by the fact that, under the levee system, which 
has increased flood stages at its head 15 ft., the capacity 
of this stream has increased from about 50,000 sec-it., 
during the Civil War, to 450,000 in 1922. The effect of 
this increased discharge has been to submerge thousands 
of acres of rich alluvial land that years ago was above 
flood level. 

Under the adopted project it is proposed to further 
increase this discharge to 1'/: million sec-ft. by causing 
fuse-plug levee sections at the head of the Atchafalaya 
Basin to fail by being overtopped when the flood gets 
within 3 ft. of the top of the main river levees in the 
vicinity of the Red River's mouth. Guide levees ar 
provided to confine the floods within the basin to some 
extent but, there being no provision for diverting the 
drainage of the adjacent lands, the effectiveness of such 
levees would be very limited. 

In the Atchafalaya Basin, the result of putting the 
adopted project into effect would be to inundate, on 40 
average of about once in 4'/, years, 5,000 of the 6,00 
sq. miles which comprise the basin. Of this inundate¢ 
area, about 2,400 sq. miles are low swamp and sea marsh 
lands, unfit for cultivation. The remainder is alluviél 
land of the finest quality. 
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1, Now 

it is practical and, when compared to the adopted 

ject, economical, to increase the capacity of the Atcha- 
iya River to one million second-feet so as to confine 
maximum flood to the river bed and the lowlands, 

\s saving from inundation every 4 or 5 years, several 

‘lion acres of rich alluvial land. This would also 

e the main lines of the Southern Pacific, the Texas 
ind Pacific, the Missouri Pacific, and the Louisiana and 
\rkansas railroads—New Orleans’ entire rail com- 
munication with the West—which likewise will under the 
adopted project be inundated every 4 or 5 years. The 
jefferson Highway from New Orleans to Winnipeg and 
the Old Spanish Trail from New Orleans to California 
would also be saved from inundation, as well as 600 
miles of minor roads. In addition, the business of more 
than 500 miles of branch railroads would be preserved 
because their productive territory would be spared. 

\ll told, if the floods in the Atchafalaya Basin can be 
confined to the river's bed and the adjacent lowlands, 
damages aggregating at least $150,000,000 in this basin 
alone will be avoided. Such a goal is surely worth an 
effort. 


PROVISIONS TO SAFEGUARD THE BASIN 


Down the Atchafalaya River, the slope to the Gulf is 
more than one-half foot to the mile. For the first 40 
miles, to a point a short distance below the Missouri 
Pacific Railroad, the river runs through high land and 
is a single stream with levees on both banks. Below, 
it breaks into a great many small streams and flows 
through a low cypress swamp. These streams come 
together again at Morgan City, and for the remaining 
\6 miles to the Gulf, there is only a single stream channel. 

Throughout the 40 miles of the upper stream, the 
river's capacity can be increased to a million second- 
ijeet by removing certain restricting contrivances used 
by Government and state agencies under the old ‘‘con- 
finement and levees only’’ system to reduce the flow, 
and by dredging the channels. It would be necessary 
only to loosen the material in the channel and let the 
current carry it down and deposit it in the low swamp 
area. 

To increase the cross section of the upper Atchafalaya 
to 100,000 sq. ft., with an average depth of 64 ft., would 
require the removal of about 250 million cu. yd. To 
loosen up this material for the current to carry down- 
stream and deposit where it can do no harm should not 
cost more than 5 cents per cu. yd., or $12,500,000. 
his expenditure would avoid the necessity of making 
floodways through the Upper Atchafalaya Basin, all of 
which is choice improved land traversed by three trunk 
railroads and the Jefferson Highway. 

To compute the capacity, Kutter’s formula, V = 
CV RS, may be used. A mean depth or value of the 
hydraulic radius, R, of 64 ft. would give C a value 
of about 125. The slope, S, is 0.0001. Assigning 
hese values, V = 10. A velocity of 10 with a cross- 
secuon of 100,000 sq. ft. gives a discharge of 1,000,000 
sec-It 

(he study upon which this article is based shows that, 

the surplus flood water were brought down from the 

| of the Arkansas, through such a combination 
ta\) ation and flood control channel as is here described, 
an the maximum discharge capacity of the Atcha- 
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falaya were increased to one million second-feet, a flood 
such as that of 1927 could be carried safely through to 
the Gulf at a stage below 57.5 ft. on the Angola gage. 


This is 3 ft. below the top of the main river levees and 


affords an ample margin of safety. 
The recent drought has emphatically shown the 


futility of striving for dependable navigation without 


the storage of flood waters to maintain an adequate 
summer flow. Legislation looking to the employment 


of stored water in behalf of navigation and irrigation is 


not far off, and it is probable that 750,000 sec-ft. is all 
the Atchafalaya Basin will ever be required to carry. 


Surely this volume will gradually grow less as the waters 


of the Nation are put to work. 

All the preliminary details of this project have been 
worked out and are available. It can be shown that 
1,000,000 sec-ft. can be safely carried through the Atcha- 


falaya Basin to the Gulf, with the necessary locks to 


preserve adequate navigation communication, with all 
intercepted drainage effectively diverted, and with pay- 
ment for all flowage rights, for about $50,000,000. The 
adopted project budgets $36,650,000 in the Atchafalaya 
Basin without paying for any flowage rights or damages, 
which will in all probability aggregate $150,000,000. 


The project here proposed provides for the expenditure 


of approximately the following amounts: 


PURPOSE ESTIMATED Cost 

To raise the fuse-plug levee section at the head 

of the Boeuf Basin ..... 8 
To construct a channel for navigation and flood 

control through the Boeuf Basin ' 
To raise the fuse-plug section at the head of the 

Atchafalaya River and enlarge that stream to 

a capacity of 1,000,000 sec-ft., divert all 

drainage, pay all flowage rights, and estab- 

lish navigation to the west . 


150,000,000 


50,000,000 


Total for proposed project . $202,000,000 


Amount budgeted in the Boeuf and Atchafalaya 


basins under the Jadwin Plan. . 47,700,000 
Total additional required for the pro- 
posed project . ole $154,300,000 


In the report of the Special Board, $11,050,000 was 
budgeted in the Boeuf Basin, but the Monroe ring 
levee has materially increased that amount. For the 
Atchafalaya Basin, $36,650,000 was budgeted, making 
a minimum total of $47,700,000 for the two basins under 
the adopted project. 


MONEY WELL SPENT 


To summarize, the addition of about $150,000,000 to 
the present authorized sum of $325,000,000 would not 
only avoid the expenditure of about $250,000,000 for 
flowage rights or damages, but would shorten the navi- 
gable distance to the Gulf by 140 miles and afford de- 
pendable navigation from the mouth of the Arkansas to 
the mouth of the Red River. 

It would further prevent the permanent removal from 
useful service, present and future, of many thousand 
square miles of rich alluvial land, much of it highly im 
proved and served by railroads and modern highways. 
The next session of Congress will necessarily be a forum 
for the discussion of this intricate and but poorly under- 
stood subject of water resources, of which flood control 
is only a phase. 
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HINTS THAT HELP 


Expedient—Tomorrow’s Rule 


The minutiae of everyday experience comprise a store of knowledge upon which we depend for growth as 


individuals and as a profession. 


This department, designed to contain practical or ingenious suggestions 


/rom young and old alike, should afford general pleasure not unmixed with profit. 


A Deck Slab for Long-Span 
Bridges 


By Jack Davipon 
Memper American Society or Civit ENGINEERS 
Desioner, Strate Hicguway DeparTMENT 


Jersey Crry, 


ASSOCIATE 


Curer 


BripGt 


N the design of a modern highway viaduct structure, 

the selection of a proper deck slab is of extreme impor- 
tance. On short-span bridges, the effect of a slight 
variation in the slab dead load does not materially affect 
the design of the structure. On long spans, however, the 
most economical slab will yield the most economical 
structure, the dead load being the greatest stress-produc- 
ing factor. 

In recent practice, it has been the tendency to select for 
most long-span bridges some type of reinforced concrete 
slab, with or without a 


paving surface, the 
forcement consisting ve | Curb 
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specially welded bar 
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locality. In several places, labor union requirements 


stipulate that all reinforcing bars are to be bent, assem- 
bled, and placed by union iron workers. This require- 
ment in many instances leads to the adoption of some 
structural shape as the reinforcing medium, to eliminate 
excessive labor costs. 

Where structural shapes are adopted, the matter of the 
reinforcement for transverse load distribution compli- 


cates the problem. The value of the distribution rein- 
forcement cannot be fully realized, as it cannot be readily 
placed at the most effective slab depth. Furthermore, 
the structural shapes, as ordinarily used, have their bot 
tom surfaces unprotected, resulting in corrosion on parts 
not readily accessible to painting. By capillary attrac. 
tion, moisture travels up the sides of the structural shapes, 
seriously corroding them and destroying to a considerable 
extent the bond between the concrete and the steel. In 
addition, the introduction in the concrete of large steel 
surfaces with no protection at the bottom, produces large 
cleavage planes and weakens the transverse strength of 
the slab. 

For these reasons, the slab illustrated in the accom- 
panying plan and sections, Fig. 1, which show a typical 
bridge panel, is to be recommended. The floor beams 
are placed at each truss panel point; the stringers are 
framed into the floor beams; and light rolled cross beams 
are laid on top of the stringers, the top of the cross beams 
being at the same level as the top of the floor beams 
The cross beams are so spaced that the maximum positive 
moment at the end slab panel is the same as that at the 
other panels. The maximum negative moment is then 
about one-half the maximum positive moment. 

In the illustration is shown a typical truss panel, 25 ft 
0 in. long, on a highway 50 ft. 0 in. wide between curbs 
The stringers are spaced 8 ft. 0 in. on centers; and the 
cross beams are spaced at 3 ft. 6'/2 in., 4 ft. 3 in, 
4 ft. in., 4 ft. in., 4 ft. 3 in., and 3 ft. 6' ¢ in 
on centers. This slab is designed for a maximum 
positive dead and live moment of 85,000 in-Ib. and a 
maximum shear of 8,500 Ib., corresponding to a loading 
of H-20 doubled, according to the American Railway 
Engineering Association’s Specifications of 1929. Th 
maximum negative moment is about one-half the posi 
tive moment. Similar designs may be made for an) 
other type of structure and loading. 

The slab illustrated consists of a system of shop- 
riveted girders, 4°/, in. high. The top chord consists 0! 
two |' , by 1' 4 by '/s-in. angles, * 4 in. back to bac! 
the bottom chord, of two 1' 4 by 1'/, by ' «in. angles 
3/,in. back to back; and I's by ' ¢-in. lacing bars con 
nect the top and bottom chords. The lacing bars are set 
at an angle of about 60 deg. with the horizontal. T! 
slab trusses are spaced about 9 in. on centers. Straps 
l''s by ‘ , in. are riveted alternately at the top and 
bottom of the trusses, substantially as shown, acting 4s 
spacers as well as transverse reinforcement. 

Fabrication of the slab trusses is very simple, as most 
the material can be punched out and assembled in 0 
operation. The erection cost is very small and the con 
crete form work very little, as the trusses are capable 
sustaining all the construction loads. The concrete [as 
ample room to flow around all the members, fully imbe* 
ding them and insuring a very satisfactory bond. 4 
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tiéns being similar, they can be fabricated to any 
eth or width, thus simplifying the construction. 
lt is recommended that the slab here described be 
ered with a bituminous paving surface about 2 in. 
ck. This top coat will serve as a wearing surface and 
, waterproofing for the slab. The maintenance of 
such a surface on the type of base shown is very small. 
surface repairs can be made without injury to the 


ax. 

A concrete wearing surface may be ideal for a pavement 
on the ground, where a slight reduction in the effective 
iepth of the slab, due to wear, is not of material conse- 
juence, but it is not well adopted to a viaduct structure 
where considerable vibration and temperature changes 
take place. The cracking up of the exposed concrete sur- 
face will eventually reduce the effective thickness of the 
slab, and there will be no practical means of restoring it. 

Che cost of the slab shown, including the additional 
wearing surface and exclusive of the supporting steel 
frame, will not exceed $10 per sq. yd. 


As Cheap as Water 


By C. B. Hoover 


MemBer AMERICAN Society or Civit ENGINEERS 
SUPERINTENDENT, Division oF Water AND Sewace Disposat, 
CotumBus, On10 


HE water supply of a community may properly be 
regarded as a manufacturing business, especially in 
the many cases in which the raw water or crude product 
is unfit for domestic and industrial uses and must be 
subjected to a refining process or processes in which 
harmful bacteria, suspended solids, turbidity, and in 
some cases, excessive hardness, are removed. 
A business of this character involves: first, the securing 
i an adequate supply of raw material; second, the 
lelivery of the raw material, by gravity or pumping, 
to purifying and softening works in which the refining 
processes can be accomplished in a satisfactory manner; 
third, the delivery of the refined product by gravity or 
pumping to a distribution system which is adequate to 
meet maximum domestic and industrial needs, and fire- 
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protection demands; fourth, the establishment of 
equitable rates for service rendered and for water con- 
sumed; and, fifth, the working out of a system of col- 
lection and accounting whereby collections for service 
may be efficiently made and detailed records kept of 
operation and maintenance costs for the various phases 
of the entire system. 

In the larger cities of the United States, water is de- 
livered to the consumer for from 3.5 to 4.0 cents per ton, 
and the average daily consumption for a city of 100,000 
persons is about 42,000 tons. The average daily use in the 
two largest cities of the United States is about 3,750,000 
tons each. 

In comparing the cost of water with other commodities 
that are used universally and in large amounts each day, 
the difficulty of finding a product that is used daily in 
such bulk is at once apparent. The transportation of the 
daily tonnage of water used by New York or Chicago, 
represents about 75,000 carloads of 50 tons each, or 
750 one-hundred-car train loads. If transported by 
trucks, 31,250 trucks, hauling five tons each every hour 
of the day, would be required. 

A few comparisons of the cost of universally used com- 
modities may be of interest, bearing in mind, of course, 
the differences in intrinsic value of the articles listed: 


Cost PBR TON, DELIVERED TO THE CONSUMER 


Water, to small consumer $0.04 
Water, to large consumer 0.02 
Sand, to large user 0.70 
Gravel, to large user . , 0.75 
Coal, to large user for steam purposes 2.00 
Coal, to small user for domestic use 3.00 
Cement, to large user. 7.80 
Cast iron, pipes, to large user . . 38.00 
Steel, reinforcement, to large user 10.00 
Gasoline, to large user 3.30 
Gasoline, to small user . . . 56.70 
Bread, to large user : 72.60 
Steel, fabricated, to large user 80.00 
Milk, to small consumer 93.00 
Bread, to small consumer 160.00 
Meat, to large consumer 240.00 
Meat, to small consumer . 600.00 


There is an expression, often used, to the effect that 
an article is ‘‘as cheap as dirt.’’ This should be changed 
to ‘‘as cheap as water.” 


Courtesy R. Maillart, Consulting Engineer, Geneva 


Hicuway Bripce Over THE VALTSCHIEL, NEAR ANDEER, SWITZERLAND 


Designed and Constructed Under the Direction of R. Maillart; 142-Ft. Span, 10-Ft. Roadway, and Arch 9.1 In. 
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OUR READERS SAY— 


In Comment on Papers, Society Affairs, and Related Professional Interests 


Twelve Principles for Flood 
Regulation 


Eprror: The article by Major-General Brown on 
“Flood Control and Channel Maintenance on the Lower 
Mississippi River,’’ in the June issue, suggests to me 
twelve principles for the regulation of floods in the lower 
Mississippi. 

|. The stabilization and protection of the banks is 
the first prerequisite of a successful system of regulation. 

2. Mean and low-water regulation serve also as 
flood protection in so far as the improved and stabilized 
river channel facilitates the discharge of the flood flow. 

3. Embankments built solely in the interests of 
agriculture, which contract the natural wide flood chan- 
nel, increase the already excessive energy of the flood 
waters. 

1. This increase in energy is detrimental because it 
produces a deepening of the pools and, at the same time, 
a shoaling of the bars below the pools without, however, 
producing a general lowering of the bed. 


Tue ENveLore Mernop or LEVEEING 


Fic. 1 
5. Leveeing will consequently raise the high-water 


6. Such leveeing is not a means of river regulation. 

7. In determining the distance between the levees, 
and their location, the aim must be not only the safe 
discharge of the highest known flood, but also the pro- 
vision of a sufficiently wide flood plain. 

8. If very sharp bends must be retained the levees 
should not follow them, but should form an envelope of 
the river's meanderings, as is indicated in Fig. | of this 
discussion by (—), not by (—). 

9. Even though the old levee location (—) is more 
favorable than the extended location (---) for the im- 
provement of the river channel in places where low-water 
regulation is not feasible because of great depths, it 
must be borne in mind that flood protection and protec- 
tion of the levees are more important than the improve- 
ment of navigability. It is therefore desirable when- 
ever possible to change gradually from the old levee 
system (—) to the new (---). The sections, a-b. c-d, 
e-f, g-h, t-k, l-m, n-o, p-q, ..., should then be rebuilt as 
so-called “wing levees,’’ extending from the top of the 
main levee to bank elevation in order to prevent erosion 
of the overflow plain at times of high water. 

10. Bends are to be retained only to the extent neces- 
sary for the stabilization of the channel and the fixing of 
the river's course. Allowable straightening of the 
channel might possibly be determined by laboratory ex- 
periments 

ll. Since the energy of flowing water is dissipated in 
pools through internal fluid friction without being avail- 


able for the erosion of the downstream bars, every effort 
must be made to eliminate sharp bends by filling in the 
eroded pools and, at the same time, retracting the op- 
posite convex banks. 

12. The extent and depth of these pools, with their 
tremendous eddies, make it fundamentally desirable 
that the river itself do the work. In this connection, 
laboratory experiments may furnish valuable results 


HUBERT ENGELS 
Professor of Engineering 


Dresden, Germany 
June 20, 1931 


Pipes Clogged by Water-Sponge 
Growth 


Epitor: The article by Mr. Chester, in the June 
issue, suggests our experience with a growth in the 
pumping mains in New Brunswick, N.J. There are 
two lines of 20-in. pipe, one having been laid 20 years 
and the other 30. The growth in the pipes is mostly 
water sponge, which is over an inch in thickness. Both 
mains have a Hazen coefficient of 73, and each main 
has the capacity that would be expected from a 16-in. 
pipe. Weare treating the water with chlorine, ammonia, 
and lime in the hope that the growth will be killed and 
removed from the pipes and future growths prevented. 


AsHeR ATKINSON, M. Am. Soc. C.F 
City Engineer 


New Brunswick, N.J. 
June 1, 1931 


Changes in the Baltimore Pumping 
System 


Epitor: I found the article by Mr. Chester, in the 
June issue of Crvi. ENGINEERING, on Norfolk's water 
supply, very interesting. What Mr. Chester has to 
say about the passing of the steam pumps is very 
illustrative of what happened in Baltimore. When |! 
took charge of the Baltimore Water Department as 
Chief Engineer, in 1911, there were three pumping 
stations. At the Mount Royal Station, there were two 
20,000,000-gal. Worthington pumps; at the Eastern 
Pumping Station, two compound Worthington pumping 
engines of 10,000,000 gal. capacity; and in our service 
station, two 5,000,000-gal. Worthington gas-engine 
pumps. My first job was to put in a 30,000,000 gal 
high-duty pump at the Mount Royal Station. ! 
decided that it would be possible to discard the two 
20,000,000 -gal. pumps and put in modern ones, 
for them by means of the saving in the coal used, but 
the mayor told me that, at the time, the city woud 
not spend any more money on the water supply. 

Since then, however, a steam turbine pump has bee! 
installed, and the Eastern Pumping Station has bet! 
abandoned altogether. I recall that this station hac 4 
slippage of 33'/; per cent in its two pumps, wi! 
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reduced to between 2 and 3 per cent by putting in 

valves. All of the old Baltimore stations have 
this time been replaced, and the Mount Royal 
tion is just in the process of being replaced by the 
» Vernon Pumping Station, which will have electrically 
en pumps. Then Baltimore will be entirely equipped 
with electrically driven centrifugal pumps, the change 
from steam to electricity having been made in 20 years. 


Ezra B. Wuitman, M. Am. Soc. C.E. 


Whitman, Requardt and Smith, Engineers 


imore, Md. 
e 24, 1931 


Cost of Movable Bridges 


DeaR Srr: In the April issue, Mr. Hovey, in his 
article, ‘““Movable Bridges,” makes a very fair statement 
of the elements to be considered in determining what 
type of bridge should be used. However, as the article 
proceeds, he makes certain statements which seemingly 
conflict with those advanced under the head, the ‘‘Selec- 
tion of Proper Type.’ The reasons given under this 
head do not seem to be justified by fact. 

It is, for instance, neither proved nor shown that 

the unit cost of a swing span is less than that of either 

a bascule or vertical-lift span,” or that ‘‘a vertical-lift 
bridge is less expensive than a bascule, the cost being 
intermediate between that for swing spans and bascules,”’ 
as stated by the writer of the article. These facts 
can only be determined by a careful analysis of site 
conditions and traffic requirements, and in fairness to 
those who may be interested in certain types, the eco- 
nomical and “‘proper’’ type to be used should be de- 
termined only by this means. 


Epwarp Haupt, M. Am. Soc. C.E. 
President, Strobel Steel Construction Company 
cago, Ill 
une 1, 1931 


Graduated Tapes for Engineers 


fo THE EpitTor: Some interesting papers on sur- 
veying methods have appeared in CrviL ENGINEERING. 
In the June issue, Jerome Fee made several observa- 
tions relative to the reading of angles, which many 
engineers and surveyors might do well to look into. 
[ can readily appreciate his theory that astigmatism 
is often the cause of accumulative errors. 

He states that the mental and optical process of 
setting two plates to zero is different from reading an 
angle which has been turned. I quite agree with this 
theory, with the exception that I believe the problem 
is more a matter of the psychological attitude of the 
transitman than it is a question of excess of eye concen- 
tration. By saying this I do not intend to minimize 
the effect of eye strain as an important factor, for it 
loes exist and has a bearing on angular work. 

_ Psychologically, the average transitman has the 
leeling that reading angles of even degrees is easier 
than those involving minutes and seconds. Actually, 
there is no difference in reading any angle, as the problem 
sumply involves the coincidence of a line on the vernier 
with a line on the plate. I feel that most transitmen 
! reasonable intelligence can be shown that their 
apparent fear of odd angles is a fallacy. 

‘or a number of years, I have been wondering why 
“ngincers’ tapes are always graduated in such a manner 
as to -xhibit the figures to the eye upside down. Ordi- 


narily, a head chainman, who is right-handed, holds 
the tape in his left hand and the plumb-bob in his right 
hand. Under these conditions, the figures of all tapes 
with which I have had experience appear inverted. 
I took this question up with a representative of one of 
the most prominent tape manufacturers in this country, 
and his reply was that the tapes are made to suit the 
average demand of the men who have to use them, 
and that I was the only one who, to his knowledge, 
had ever censured this feature of inverted tape figures. 

Can it be that engineers and surveyors are so wrapped 
up in general problems as to overlook such a simple 
detail, which very often is the cause of errors in tape 
readings’? Manufacturers would be glad to graduate 
tapes to any reasonable demand of the users, if they 
would only express themselves upon the subject. 


EDMUND Brittan, Assoc. M. Am. Soc. C.E. 
Civil Engineer and City Surveyor 
New York, N.Y. 
June 2, 1931 


Tests on Concrete Permeability 


Epitor: The paper by Mr. McMillan, in the April 
issue, should leave little doubt as to the soundness and 
importance of his chief conclusion that, for a plastic 
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mix, “‘the properties of the concrete are principally 
determined by the properties of the hardened paste.”’ 
His excellent data on permeability and resistance to 
freezing and thawing are of particular interest at this 
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time, because of the emphasis now being placed on the 
durability of concrete. 
Che influence of the quality of the paste, as affected 
both by the water—cement ratio and duration of the moist- 
curing period, on 
| resistance to freez- 
ing and thawing, 
and permea- 
bility has been 
shown by recent 
tests made at the 
University of 
Minnesota. Some 
typical data from 


Vou1, No.1 
clearly indicated the increased resistance to freezing 
and thawing resulting from additional moist curing. 
Data from another set of tests, which show improve- 
Taste l. PerRMeABILITY TESTS 


Averace Rate or Flow tn 


GAL. per So. Fr. per. He RATIO oF Flow 


AGE IN PRESSURE FOR ArrR-CURED 
Montus Le. per So. In Morst-Curep Arr-CurReD Morst-Curer 

2 20 0. 000,099 0.000,27 8.6 

6 60 0.000.154 0.002.116 13.7 

12 0. 000,283 0.004.711 16.7 


ment from additional moist curing, are given in Table | 
These data are from permeability tests on concret 

specimens 4 in. high and 6 in. in di- 
5 000 ameter. The flows shown are the 


100 


amounts passing into the specimens 
There is also shown the average rate 
of flow into specimens between the 
40th and 60th hours, in gallons per 
square foot. Each value is the average 
of 15 tests. The concrete of both air 
cured and moist-cured specimens would 
be water-tight in the sense that there 
would be no leakage under any ordinary 
conditions. | However, for exposed 
situations, the greater flows into the 
air-cured specimens would undoubt 


Compressive Strength in Lbs. per Sq. In. 


a 5 6 7 


Number of Cycles of Freezing and Thawing 


Fie. 1 I YPICAI 


these tests may ke of interest in connection with Mr. 
Me Millan's paper 

Che condition of 2-in. mortar cubes after SO cycles 
of accelerated freezing and thawing is illustrated. The 
blank squares represent specimens that have reached 
their “end point The freezing and thawing cycle 
in this case consisted of a low temperature period 
(O deg. fahr. *5 deg.) in air, and a high temperature 
period (70 deg. fahr. = 3 deg.) in water under a pressure 
of 150 Ib. per sq. in. Specimens were considered to 
have reached their ‘‘end point’ when no piece weighing 
more than one-sixth the original weight remained. 
Due to the almost complete saturation of the specimens 
resulting from the pressure treatment, the disintegra- 
tion of freezing is much more severe than in concrete 
under ordinary exposure conditions. The change in 
weight of one group of these specimens is indicated 
by A and B in Fig. 1. Each point is the average for 
three specimens. The increase in weight is shown 
on an enlarged scale in A, and the number of cycles 
at which the graphs intersect the line of zero per cent 
loss in weight is plotted against water cement ratio to 
give the graph of Section C. This, it will be noted, is 
quite similar to that for Abram’s equation, which ts: 


14,000 
Ses (7 ) 


Where 5S compressive strength at 28 days 


. 
water-cement ratio, gallons per sack 


In another series of tests, using a different and still 
more severe method of accelerated freezing and thawing, 
the average “end points’ (21 specimens for each age) 
for moist-cured specimens were 26 and 43 cycles for 
ages, at first cycle, of 7 and 2S days, respectively. This 


Water-Cement Ratio, — in Gals. per Sack 


RELATIONS RESULTING FROM ACCELERATED 
FREEZING AND THAWING TESTS ON 2 By 2-IN MorTAR CUBES 


0 edly result in reduced resistance to 
weathering or chemical attack. The 
moist-cured specimens were stored at 
70 deg. fahr. and 100 per cent relative 
humidity. The air-cured specimens 

were stored under water for the first 7 days and then 

in air in the laboratory until tested. 


8 9 


C. A. HuGHES 
Assistant Professor of Structural Engineering 
University of Minnesota 
Minneapolis, Minn 
June 5, 1931 


Two Basic Methods of Concrete 
Design 


To tHe Eprror: Even though the principles estab 
lished by the data cited by Mr. McMillan, in his artick 
in the April issue, are well known, engineers still hesitat: 
to adopt a more scientific method of design than has 
been used in the past. This hesitancy may be du 
partly to reluctance to deviate from an established 
practice, and partly to fear of increasing construction 
costs by experimentation. Consequently, the basic 
problem of concrete making has been obscured by 4 
lack of proper coordination and interpretation of the 
results of many independent investigations. At least 
two possible methods of design have been proposed 
both ultimately attaining the same result. So chore 
between the two depends upon the scope and kind o! 
work under consideration and the conditions affecting !t 

These two methods are the water cenient ratio methoc 
and the mortar-void method. Both regard fresh!) 
mixed concrete as a two-component mixture, cement 
and water paste being considered as one componen! 
under the water-cement ratio method, and the cemett 
fine aggregate, and water as one component unde: the 
mortar-void method. In both systems excess water © 
shown to be detrimental to the strength of concret 
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suse in fresh concrete it is a solid and occupies space. 
n, upon hydrolysis and hydration of the cement 
water, the space occupied by the excess water 
mes a void. The mortar-void method is based 

m the principle that the strength of the concrete 

ends upon the ratio of voids to cement in a given 

ume of concrete, and from this principle a practical, 
workable method of designing concrete for predeter- 
ied strength has been developed. 

in his article, Mr. McMillan has shown that the 
strength of concrete is dependent upon proper design, 
satisfactory materials, and adequate mixing, placing, 
ind curing. It follows, then, that if these conditions 
ue fulfilled, water-tightness, resistance to destructive 
natural elements, and uniformity of quality will also be 
attained, and this should be convincing argument for 

adoption of a rational, scientific method of design. 
Designed mixes have many advantages from the stand- 
point of both the designer and the builder and will 
result in economy and uniformity of product. 

When, at the beginning of the 1930 construction 
season, the Illinois Division of Highways decided to 
adopt the weight method of proportioning concrete 
wggregates, it was immediately faced with the problem 
{ selecting a rational method of designing concrete 
mixtures. A study of this problem indicated that the 
mortar-void method, developed by Arthur N. Talbot, 
Hon. M. Am. Soc. C.E., and Frank E. Richart, M. 
\m. Soc. C.E., of the University of Illinois, and supple- 
mented by data from additional investigational work, 
was adapted to the working out of a large highway 
program, so it was put into operation. 

Che results of the first year’s work show that a mini- 
mum predetermined strength can be obtained under 
normal conditions, that the strength of the concrete 
is more uniform, that there is a large saving in cement 
lue to uniformity of design, and that the added in- 
spection costs are justified. This is merely cited as an 
imstance where the principles advocated by Mr. Mc- 
Millan have been recognized and acted upon. It 
cannot be expected, however, that the adoption of the 
use of basic laws of design will eliminate all of the 

ations from the basic principle which will occur. 
is Mr. MeMillan points out, the explanation of these 

iriations must be left to future researches. 


V. L. GLovER 
Engineer of Materials 
Illinois Division of Highways 


Importance of the Aggregate in 


Concrete 
Eprron: I am one of the engineers who has been 
w to accept the water-cement ratio as a basis for 


proportioning concrete, owing to the belief that water 
nd cement alone are not criteria of strength and that 
juantity and characteristics of the aggregate are also 
‘actors. Consequently, I was interested in Mr. Mc- 
lillan's discussion, in the April issue, which recognizes 
that the properties of concrete are influenced by char- 
eristics of the aggregate and that a single curve 

represent the relation between the water—cement 

d the strength for all aggregates. 

ninary tests of cement and aggregate will furnish 
usetu’ concrete design data, which can be used in the 
the typical water-ratio strength curve. How- 


ever, I prefer to use a diagram showing the relation 
between cement content of mix and consistency for the 
range of strength and flowability, which might be needed 
in practice. The quantities of cement and fine and 
coarse aggregate needed to furnish a given strength for 
any necessary consistency can be noted at a glance. 
By this method, cement and aggregate volumes are 
specified, and a consistency limit can be set up for each 
requirement of the work. Total cement and aggregate 
requirements are readily computed, the engineer not 
being concerned with the actual quantity of mixing 
water used, or its origin, so long as specified proportions 
and the limit on consistency are met. 

My experience with concrete has consistently pointed 
to the conclusion that, for given materials, compressive 
strength is in general an accurate measure of quality, 
not only for carrying stresses but also for resisting 
water penetration and normal and abnormal exposure 
to the weather and soil waters. Increase in cement 
content results in increased strength and water-tightness; 
and to obtain full value for such additional cement 
flowability should be held to the usable minimum. 
Permeability of concrete is not a constant value but 
varies with the moisture content of the concrete. 

It has been found necessary to produce a concrete 
having a strength at 28 days of less than 2,000 Ib. per 
sq. in. in order to obtain leakage through a 2! /»-in. slab 
at 35 Ib. per sq. in. pressure. Concretes of slightly 
higher content are impervious when tested upon removal 
from damp storage at 28 days, but may show consider- 
able seepage after a period of storage in the air, which 
permits shrinkage of the cement colloids. Saturation 
restores the concrete to its original condition of im 
perviousness. Higher cement content results in a 
fully impervious concrete when the test specimen 
is thoroughly dried out. No high early-strength port 
land cements have been included in this work, but all 
cements of the high alumina type, American and Euro 
pean, produced more pervious concretes than regular 
portland cements. 

G. M. Wiiirams, M. Am. Soc. C.F 
Professor of Civil Engineering 
Unwersity of Saskatchewan 
Saskatoon, Canada 
June 2, 1931 


Deck Girders Important in Subway 
Construction 


DeAR Sir: I read with a great deal of interest the 
comprehensive article by Mr. Peckworth on ‘Construct 
ing the World's Largest Subway Station,’ which ap- 
peared in the April issue of Crvit ENGINEERING. In 
many instances, the potential hazards and difficulties of 
a construction job are not appreciated because much 
experienced forethought in design, and care in construc 
tion have minimized them, making the completed work 
seem much simpler than it really is. Such was the case 
in this subway project. 

Although the buildings adjoining this section of subway 
were directly underpinned against settlement, it was the 
lateral support of the heavy cross girders on 20-ft. centers, 
wedged tightly at each end against the buildings, that 
held them from slipping while the partially disintegrated 
rock (mica schist) was blasted away from a 50-ft. face 
within 12 in. of the building lines. This twofold use of 
the deck girders, as beams and as struts, proved to be 
very successful, as it became evident that they were 
taking considerable pressure from the buildings. 
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Attention might also be called to the heavy runner 
beam underslung from the lower flanges of the cross 
sectional plate girders. This runner beam enabled the 
full rock heading to be worked from net line to net line 
by supporting the center of each cross girder as the head- 
ing passed underneath. The fore end of the runner was 
supported by temporary cribbing in front of the heading, 
while the rear end was held by the nearest four-post 
center tower. As the heading advanced past each cross 
girder at 20-ft. intervals, the regular four-post tower was 
erected below the cleared deck girder, and the runner 
beam was moved ahead on rollers to its new position 
spanning the heading. It was then shored in its next 
position by the newly erected tower and cribbing. A 
90-ft. span for the deck girders, which had to carry the 
heavy traffic load plus the substructures, was pro- 
hibitive. 

A word might also be said about the complicated mass 
of subsurface structures that had to be maintained not 
only during the construction of the station proper but 
also during the process of their restoration. As the 
station interfered with the majority of these structures, 
new locations had to be found for them below the street 
while the old structures were maintained in their original 
location. This was accomplished by the cooperation of 
the engineers of the Board of Transportation, various 
public utility companies, and the contractor, who, by 
means of depressed bays in the subway roof, flat steel 
boxes instead of pipes for gas, and other such devices, 
finally restored all the structures in their new locations. 

Joun L. WasHpourne, Jun. Am. Soc. C.E 
Civil Engineer, Hart and Early Company, Inc 


New York, N.Y 
June 4, 1931 


Engineering Feats of the Ancients 


Str: I read with a great deal of interest Mr. Gan- 
dolfo's article on the engineering of the ancients in the 
April issue of Crvm. ENGINEERING. From this paper it 
appears that many of our so-called modern ideas are 
but old ideas in a new guise. As Mr. Gandolfo has 
pointed out, no one knows just how far back the civiliza- 
tions of ancient Chaldea and Egypt date. It is notice- 
able, however, that the civilization of both of these 
peoples had its basis in artificial irrigation. In fact, 
Sir William Willcocks always maintained, and to a 
certain extent proved, that ancient civilization never 
developed except in countries where agriculture was 
impossible without it. 

The statue of an early engineer, mentioned by Mr. 
Gandolfo, is probably that of Gu-Dea, patest, or high 
priest, of Lagash. It is now in the Louvre in Paris. 
Gu-Dea was an important man in his day, a fact of 
which we are aware because he said so himself. He 
was a great builder, and his method of recording the 
fact, similar to our modern method of the corner-stone, 
was to erect a statue of himself over the main entrance 
to his buildings. 

Hammurabi was another great man—great as king, 
warrior, engineer, administrator, and law-giver. Some 
of the provisions of his code of laws, which survived 
after Alexander's conquests, might be useful to the 
irrigation manager of today. Among the many achieve- 
ments to his credit, he was the originator of our modern 
filing systems, and his enormous correspondence is still 
almost intact. His own estimate of his work is quoted 
as follows: 

“I have made the canal of Hammurabi a blessing to 
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the people of Sumer and Akkad. I have distribute. 
the waters over the desert plains. I have made th 

water to flow in the dry channels and given an unfailin« 
supply to the people. I have changed desert plair 

into well watered lands. I have given them peace and 
fertility and plenty. I have made them the abode of 
happiness.” 

Besides being a good engineer, Hammurabi was also 
a forceful executive, es is evidenced by the following 
extract from a letter: ‘The canal was dug but it was 
not dug clear into Erech so that the water does not come 
into the city. Also the bank of the Dur-ru Canal has 
fallen in. This is not too much for the people at thy 
command to do in three days. Directly on receipt of 
this writing dig the canal with all the people at thy 
command clear into the city within three days. As 
soon as thou hast dug the canal, do the other work 
which I have commanded.”’ 

It must be admitted that the ancient engineers 
understood their profession. In his report to the 
Turkish Government on the irrigation of Mesopotamia, 
Sir William Willcocks said, ‘“‘The same problem faced 
the ancient Babylonian engineers and, after taking 
two years to find a solution, I have come to the same 
solution as they did.’" When Cheops built his pyramid, 
his resident engineer staked it out with an error of only 
1:18,000 in distance and only 12 sec. in azimuth, which 
is the more remarkable when we consider that he lived 
about a thousand years before recorded history. 

The obelisk pictured in Mr. Gandolfo's article is 
larger than the one in New York. Perhaps the erection 
of the latter and the sum it cost the city to put it in 
place will be recalled. Its transport from tidewater to 
the site was a notable piece of work for the times, as it 
constituted moving a 100-ton block two miles. Yet 
the builder of the obelisk shown in the picture moved 
his monument 300 miles by water and 6 miles or more 
by land, then set it up without any apparatus to speak 
of. At Stonehenge, an even more primitive people 
moved the enormous blocks of stone over more difficult 
country, but they left no records of the feat. 

Such facts make us realize that we are not as progres- 
sive as we sometimes think. 

Hucu Muck eston, M. Am. Soc. C.E 
Consulting Engineer 
Vancouver, B.C., Canada 
July 4, 1931 


New Measures Needed for 


Traffic Control 


Str: I read with interest Mr. Halsey’s article in the 
May issue. There is general agreement that some 
thing must be done to stop the fearful automobile 
casualities. Before we can do anything intelligent 
however, we must know something about the causes, 
of which there doubtless are many. Mr. Halsey states 
that ‘‘the twentieth century has placed such high valu 
on time that the motorist does not like to waste any 
more of it than necessary.” This is a very flattering 
explanation as far as the average careless driver is con 
cerned. Again, Mr. Halsey states that the enforcemen! 
of speed laws is hampered because the traffic officers art 
too amenable to political influence and to the wishies 
the motorists themselves. But the reason for tlus © 
that the traffic officers and the average motorist realiz 
that our present laws, rules, and regulations are m’* 
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directed and do not reach the reckless driver ™ 
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lieval times, epidemics were fought by means of 
lic mass meetings, prayers, and processions. We 
w today that such measures are not effective, but 
present traffic rules are, on the whole, scarcely less 
lieval. 
believe the great difficulty lies in the fact that we 
attempted to do by means of insurance that 
h can be successfully handled only by policing. 
remedy is either to turn the policing and the right 
formulate traffic rules over to the insurance companies, 
to turn the insurance over to the police department— 
it is, to the public. 

Recently, a friend of mine was struck by a motorist 
iriving across an intersection at high speed. This 

torist should be prosecuted for speeding and reckless 
iriving. However, in view of a pending damage suit, 
the insurance agency is opposed to such prosecution, 
since it might indicate to the jury that their client is 
vindictive, and affect the outcome of the damage suit. 
[he insurance company can hardly be blamed for not 
loing something that experience has taught it will hurt 
its case. 

Comparing this country with others, we have the 
most crime, although we are the most prosperous, 
the best educated, fed, and housed. We have tried 
to protect ourselves against theft and robberies by 
If there were no rob- 
beries, the insurance companies could not exist; they 
have only a reasonable and not too great interest in 
preventing robberies. If thefts become too frequent in 
ny area, the rates are raised. 

lo indemnify citizens who have been robbed and to 
prevent the occurrence of robberies are kindred aims 
and should be within the authority of the same agency, 
as they were some centuries ago in many European 
countries. The same may be said of traffic control. 
This may appear to be a drastic remedy, but I can see 
no other. 

B. F. Jakossen, M. Am. Soc. C.E. 
Consulting Engineer 
i ngeles, Calif 
16, 1931 


Needed Researches in Wind Pressures 


Dear Srk: You are to be commended for the publi- 
ation of the report on “Wind Bracing in Tall Steel 
Buildings,” in the March issue. This information on 
wind pressures to be used in design is based on experi- 
mental observations of pressures on relatively small, flat 
Obviously, although this is at present the 
nly method possible for the determination of such load- 
ings, there is considerable room for further detailed study. 
lt is the wind load on prismatic structures as a whole 
which one wishes to know. Pressures on small rectangu- 
lar prisms have as yet received but little attention from 
those interested in aeronautical research, for they are 
tuefly concerned with the discovery of shapes which offer 
‘minimum of resistance to flowing air, rather than with 
tapes which are liable to offer a maximum of resistance. 
‘t would not be difficult to experiment on model prisms 

ng rectangular shapes. 

_turther observations seem to be desirable in regard to 

‘he horizontal distribution of pressure. These could be 

‘asily obtained by suitably designed apparatus installed 
us points along a building having sufficient height 

be tree from unusual distribution. 

points indicate what might be undertaken as a 
p in an investigation already well started. The 


surlaces. 
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careful determination of loads on buildings and bridges is 
of greatest importance, not only from the point of view 
of safety, but also from that of economy. Often too 
little attention is given to the estimation of them. 


I. F. Morrison 
Professor of Applied Mechanics 
Department of Civil and Municipal Engineering 
University of Alberta 
Edmonton, Alberta, Canada 
June 8, 1931 


Principles of Geodetic Survey Should 
Be Generally Adopted 


Epitor: The paper by Captain Patton, in the June 
issue, is most interesting, and the subject is one that is 
claiming the attention of leading engineers everywhere. 
Although the geodetic control surveys are already 
used in many different ways, this use is almost ex- 
clusively by governmental agencies and by the more 
advanced engineers. The more general use of these 
surveys by the rank and file of engineers is still un- 
developed. 

There are two reasons for this. The first is the 
scarcity of the control stations, although this condition 
is now being remedied in the United States. The other 
reason is the reluctance of the average field man to make 
more general use of simplified geodetic practice or 
methods. Our party chiefs, resident engineers, and 
instrumentmen rarely use coordinates, the advantages 
of which Mr. Patton has pointed out, unless they are 
instructed to do so. Unfortunately, even when they 
do use them, the coordinates are generally based upon 
a magnetic or an assumed meridian, with an assumed 
origin of coordinates, and the levels are based upon an 
assumed datum. Occasionally they are started from a 
true meridian, but the origin is generally assumed and 
has no reference to geographical location. These 
assumptions destroy much of the future value of the 
work. 

A coordinated system, based upon one common 
origin and one common datum plane, to which all 
future surveys could easily be tied, would be of the ut- 
most value to any country. Although it may be 10 
or 12 years before all of the first- and second-order 
control stations are available, it seems to me that we 
should begin now to make, as far as conditions will 
permit, a more general use of the principles employed 
by the U.S. Coast and Geodetic Survey. 

Our methods of surveying, including railway and 
highway location, based upon assumed data, and 
plotted by protractor or parallel ruler, are crude and 
rarely result in third-order accuracy. They should 
give way to a more general use of the coordinate system 
and to a higher degree of accuracy. 

There are, however, obstacles in the path. The 
busy chief of party, running a 50-mile traverse for a 
railway location, power line, or highway, should not be 
told to start from a true meridian and check his instru- 
ment work on another meridian at the end of the survey, 
unless he is provided with a convenient formula for 
convergence, together with a table giving the distances 
intercepted on the parallels by 1 deg. of longitude, and 
the distances along the meridian between parallels. 
If there is bad alignment between two distant curves 
to be replaced by a tangent to the curves, he should 
not have to try to compute the two points of tangency, 
nor to plot the layout and find the points graphically, 
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as the problem can readily be solved by rectangular 
coordinates. 

These comments are offered as a criticism of vicious 
practices current in ordinary field work, and as a plea 
to those who authorize our surveys to institute a more 
general adoption of the principles offered us by the U.S. 
Coast and Geodetic Survey. We do not have to wait 
until their first- and second-order net is completed to 
adopt the principles simplified for us by Captain Patton 
and his able associates. 

Georce F. Syme, M. Am. Soc. C.E. 
Senior Highway Engineer 
State Highway Commission 
Raleigh, N.C 
June 15, 1931 


Existing Surveys Should Be 
Connected 

EpiTor: In his interesting paper, in the June issue, 
Captain Patton has described the utility of control 
surveys in the several fields of engineering and has 
discussed in detail their usefulness in topographic 
surveying, city planning, and property defining. Pitts- 
burgh is not the only city where it is necessary to use 
tapes of different lengths to reproduce original measure- 
ments. The potential value of both horizontal and 
vertical controls in topographic surveying and city 
planning, as well as in many other fields, needs no 
further demonstration, although their value in making 
boundary surveys is not quite so indisputable. The 
use of these surveys in fixing the western end of the 
northern international boundary has been mentioned 
by Captain Patton, and it seems to me important to 
connect this boundary with first-order triangulation. 
Next in importance comes the connection of the state 
boundaries, for, with the increase in the number of 
bridges and tunnels connecting states, the question of 
jurisdiction may arise. Therefore, the location of the 
actual division line should be proved through connection 
with control points. 

The extensive construction of improved highways 
crossing the states in every direction has opened a new 
field for control surveys, and it is the practice in many 
states and counties to monument the side lines of such 
highways. These monuments should be connected 
with the U.S. Coast and Geodetic Survey's triangulation 
points so that the coordinates and elevation of every 
monument may be computed. 

The Surveying and Mapping Division may well 
exert its influence with state highway officials to adopt 
this procedure. Such a network, when checked, compen- 
sated, and made available for general engineering 
practice, would be a tremendous factor in accelerating 
the use of both horizontal and vertical controls. Town- 
ship lines and property boundaries along such highways 
would automatically become connected with the control 
system, thereby extending the advantages of control 
to individual property boundaries without entailing 
much expense to the property owner. 

First-order triangulation control points in the more 
thickly populated eastern states should not be more 
than 5 miles, instead of 25 miles, apart and, near the 
cities, perhaps not more than one mile apart. Since 
cities are likely to need the control points first, the 
U.S. Coast and Geodetic Survey should take pains to 
establish points near city boundaries. For small 
cities in flat, or even rolling, country, it would be more 
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generally useful if the control could take the form of « 
traverse on the boundaries with a maximum field error 
of 1:100,000; and if it could set monuments at the ang] 

points (also intermediate points on long lines), connec 

with the triangulation, and establish a system of plan 

coordinates. With such an accurate horizontal contro! 
as a basis, the city could then establish intermediate 
traverses with a maximum error of 1:5,000 (0.01 ft 
in a city block) and the necessary lines of levels. 

A great deal may be said in favor of the practice of 
referring street lines to brick or stone buildings, for 
the obliteration of a building means the loss of only 
one of a number of points in a line which may be easily 
reestablished. However, street monuments, which 
should be set under the sidewalk and protected by a 
metal casing flush with it, are more definite and time- 
saving. 

Henry J. SHERMAN, M. Am. Soc. C.E. 
Sherman and Sleeper, Consulting Engineers 


Camden, N.J. 
June 28, 1931 


Some Design Features of Welded 
Beams 


Dear Sir: I have been much interested in Leonard C. 
Jordan's letter in the June issue, commenting on the 
design of welded buildings. It would seem, however, 
that many of these comments could well be applied to 
riveted work as well. It is true that the design of welded 
connections is still in the formative stage and, no doubt, 
types of joints have been used which will not bear careful 
analysis. However, it is our experience that a welded 
joint can be safely designed fully as economically as a 
riveted joint, and still be as flexible or as rigid as desired 

The remarks of Mr. Jordan concerning the deflection of 
beams, and the consequent angular rotation of end sec- 
tions, are, of course, perfectly true. If, by welding or 
any other method of fastening, the beam is restrained 
at the end, the connection should be designed for this 
condition. Side clip angles to the web of the beam may 
be used for the end connection. Or, if a seat is used and 
attached to the beam by welding, a top clip angle welded 
along the toes to the top flange of the beam and to th 
column—or a side clip to the web, in the case of a beam 
framing into a girder—will give sufficient flexibility t 
allow the beam to take its deflection without undu) 
straining the welds, and at the same time provide the 
required lateral stiffness. 

If it is necessary to design an end connection for full 
restraint, we have found no serious difficulties in provid 
ing a proper connection. Of course, if by a 100 per cent 
weld is meant welding around the entire outline of t 
beam, to the girder or column, such a method wouc 
offer considerable difficulty. It would entail consider 
able overhead welding, if done in the field, and a technx 


probably beyond that of the average operator. Du 
with proper design, the connection can, except in 
case of very peculiar conditions, be made fully as strot 
as the beam itself. At the same time overhead weldins 
can be avoided, and the erection process remain qu 
simple. 
We have recently been the designing engineers '0" 
14-story office building, which was shop-riveted and ' 
welded. This was not, however, designed as at 
job with welds substituted for rivets in the field. 
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signed, as mentioned in Mr. Jordan’s letter, with par- 
ular attention to welding in the field. The shop rivet- 
, was used for the purpose of allowing wider com- 
tition among the structural shops, few of which were 
uipped at the time to handle a shop-welded job 
momically. 
It is very gratifying to have comments on this subject 
blished, for it is only by such an interchange of ideas 
\t structural practice can be adapted to welding, tend- 
« toward a degree of uniformity comparable with the 
sent well standardized riveting practice. 
S. Coomss, Assoc. M. Am. Soc. C.E. 
Engineer, The Whitney Engineering Company 


ton, Mass. 
e &,1931 


Ohio’s New Arbitration Law 


DeaR Sir: In connection with the articles on arbitra- 
tion by Mr. Stevens and Mr. Beatty, appearing in 
Crvit ENGINEERING for June, it may be noted that 
Amended Senate Bill No. 41 (Sec. 12148-1 et seq., 
General Code of Ohio), passed by the present session 

f the general assembly, and effective July 28, 1931, 
places Ohio among those states having authoritative 
legislation on arbitration. 

[he recent enactment stipulates that: “‘A provision in 

written contract, except as provided in subsections 
and (2) of this section, to settle by arbitration a con- 
troversy thereafter arising out of such contract, or out of 
the refusal to perform the whole or any part thereof, or 
any agreement in writing between two or more persons 
submit to arbitration any controversy existing between 
them at the time of the agreement to submit, shall be 
valid, irrevocable, and enforceable, save upon such 
grounds as exist at law or in equity for the revocation of 
ny contract.” 

Exceptions are: (1) contracts between employers and 
employees in respect to conditions or terms of employ- 
ment; (2) contracts entered into or awards made prior 

the effective date of the act; and (3) controversies 
involving the title to, or the possession of, real estate, 
with certain exceptions. 

In case suit is brought on any issue referable to arbitra- 
tion under such an agreement, the court is required, on 
application, to stay the trial until such arbitration has 
been carried out. A party aggrieved by the failure or 
refusal of another to perform under a written agreement 
ior arbitration may petition the court for an order direct- 
ing such arbitration, and the court shall so act, if satisfied 
that the making of the agreement for arbitration or the 
iailure to comply therewith is not in issue. The details 

' the arbitration and the power of the court to confirm or 


set aside the award are set forth at some length, vacation 
veing only on the ground of fraud, partiality, misconduct, 
r similar cause, in which case the court may correct the 
awart 


Arbitration under common law, by mutual agreement, 
1, of course, be carried out as heretofore. It may be 
that court decisions indicate that a unanimous 


‘ward is required under such proceedings. 
at generally admitted that practically all public 
works contracts are fair to the contractor only in so far 


ngineer is fair and reasonable. Every such con- 

ould contain a proper arbitration clause, and the 

f such provision should be accurately defined. 

had some experience both as arbitrator and as a 
party in dispute, I have been impressed with the value 
n rness of this proposition. 
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The arbitration clause in the standard specifications 
and contracts of the Franklin County (Ohio) Sanitary 
Engineering Department reads as follows: 

“When necessary to submit to arbitration any question 
subject thereto under the terms of this contract, the 
arbitrators shall be three in number, one being a com- 
petent engineer, selected and paid by the board; one 
being an experienced construction man, selected and paid 
by the contractor; and one being a disinterested attorney, 
selected by the Judges of the Court of Common Pleas 
of Franklin County, and paid jointly by the parties 
hereto.” 

The matters referable to arbitration under these 
specifications are: (1) the amount of damages 
payable to the contractor if work is suspended by the 
board for causes for which the contractor is in no way 
responsible; (2) the price to be paid on account of altera- 
tions of the contract made by the board (State law 
requires that such price be agreed upon in writing before 
such work is done, and the specification and contract 
stipulate that, if arbitration is necessary, the parties 
shall accept the award and execute the required agree- 
ment in accordance therewith); (3) the addition to 
or deduction from contract price when work for a 
fixed price is increased or diminished; (4) the price to 
be paid for the use of heavy equipment on extra work 
paid for on a cost-plus-percentage basis. 

The selection of the arbitration board in this manner 
does away with the possibility of the appointment of a 
partial third member through the influence of the 
stronger of the two named by the parties in dispute, 
which always exists under the customary method. It is 
natural that an arbitrator may lean slightly to the side 
of the party who retains or pays him, although the op- 
posite is sometimes the case. The naming of a disin- 
terested attorney by the court may often be tantamount 
to the selection of an umpire. The plan has operated 
very satisfactorily. 

E. G. Brapsury, M. Am. Soc. C.E. 
Sanitary Engineer 
Franklin County, Ohio 
Columbus, Ohio 
June 13, 1931 


Need for a Board of Arbitrators 


Epiror: As Mr. Stevens and Mr. Beatty pointed 
out, in their symposium in the June issue, the question 
of arbitration is in theory so desirable that it is hard to 
find anyone opposed to it, but the difficulty has always 
been in getting the right arbitrators. Although the 
human imagination likes to dwell on the thought of a 
just judge, it is very hard to find one. In his closing 
paragraph, Mr. Beatty refers to the work of the American 
Arbitration Association in getting people to consent 
to serve as arbitrators, which recalls to my mind a plan 
that I suggested some 25 years ago, in a discussion 
(TRANSACTIONS, Vol. 56, page 137) of a paper by Albert 
J. Himes, then City Manager of Dayton. 

My plan was that the American Society of Civil 
Engineers should elect for life, from among its older 
members, distinguished engineers to a Board of Arbi- 
tration, providing for a certain number of arbitrators 
from each District, and that, as vacancies occurred 
by death or resignation, new members should be elected. 

At present, the greatest honor that the Society can 
confer upon an engineer is the presidency of our organi- 
zation,: but that does not fill the need for recognition 
of merit, as we have about 15,000 members, and can 
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I 
only elect one a year as president. So my proposed 
Board of Arbitration, standing in the capacity of a 
sort of supreme court for our own affairs, would create 
additional honors for the Society to confer. 

Che parties wishing to refer a dispute to arbitration 
would write to the Secretary of the Society, giving an 
outline of the matter in dispute, the amount of money 
involved, and the number of arbitrators desired. In 
due time, a selection of arbitrators would be made 
through the machinery of the Society, and the time 
and place for the hearing fixed. With a reasonable scale 
of fees, such arbitration would be profitable to our pro- 
fession as well as just and serviceable to the disputants. 


Avucustus Samira, M. Am. Soc. C.E 
President, Bergen Point Iron Works 


Roselle, N.J 
June 12, 1931 


Engineers Not Responsible for 
Poor City Plans 


Epiror: The paper by Mr. Knowles on “The Civil 
Engineer's Part in the City Plan,”’ in the March issue, 
is very interesting. The engineer assumes that he 
must maintain the same attitude toward his client 
as the architect or other professional man. If the 
client wishes embellishments, the engineer can provide 
them. If, on the other hand, he is interested in a 
utilitarian structure, the engineer will also provide that. 


Turrp AVENUE BripGe, MINNEAPOLIS 
Designed by Frederick William Cappelen, M. Am. Soc. C.E. 


When the engineer conceived the idea of piping water 
under pressure to every building and then using this 
water as a vehicle to carry off waste matter by gravity, 
he made it possible for large aggregations of people to 
live together in a healthful way. Today there is no 
limit to the size of a city, provided people can get from 
place to place in an allotted time; so the engineer has 
designed a transportation system to solve this problem. 
Physical accomplishments are thus coordinated with 
social, economic, and sanitary needs. 

A bridge thus facilitates the intermingling of people and 
the movement of commodities. The design and con- 
struction of a bridge is an architectural and engineering 
problem, and not one of city planning, although the 
location of the bridge falls within that province. 

In Minneapolis there was a real need for a bridge on 
Third Avenue. Preliminary investigations revealed 
difficult foundation problems. After test borings, how- 
ever, the city engineer laid out a bridge on a reverse 
curve which eliminated the foundation problems and 
still kept the bridge in line with the origin and destina- 
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tion of traffic. This successful attempt to coordinat; 
social and economic needs with engineering requirements 
was recognized by citizens of the city, who, upon the 
death of the engineer, named his last structure the 
Cappelen Memorial Bridge. 

The engineer is not responsible for the rectangular 
system of streets, poorly designed blocks, or inadequate 
street widths. Real estate men, owners, and city 
councils must bear this responsibility. Through the 
years, when a village became a city, and a city a metropo- 
lis in a short period of time, the real estate men con- 
tended, and probably rightly so, that the rectangular 
system was the only one which would permit of the 
changes incident to growth—the changing of residence 
districts to mercantile districts, and of mercantile dis 
tricts to factory districts. In the future, such muta- 
tions are likely to occur only in districts and not in cities. 
This gives the city planner of today his opportunity. 


Georce H. Herrovp, M. Am. Soc. C.F 
Managing Director and Engineer 
The City Planning Board 
St. Paul, Minn. 
June 1, 1931 


Coordination in Planning 


Dear Sir: The excellent paper by Mr. Knowles, in 
the March issue, leaves one with several very lasting 
thoughts. The first is one of keen appreciation that 
planning is a cooperative job of coordinating the ex- 
perience and knowledge of many individuals. This 
has been particularly true of the Regional Plan of the 
Philadelphia Tri-State District, where over 200 repre- 
sentative engineers, architects, and landscape architects 
within the region are working together to make the 
plan for the 4,500 sq. miles. It is through the co- 
ordination of their detailed knowledge of these areas 
with the studies made by the staff and consultants 
that the regional plan is possible. 

The second thought suggested by Mr. Knowles 
paper is that if a thing is worth doing at all it is worth 
doing well. We are coming to want to live in a “Model 
A”’ instead of a ““Model 7” country. The emphasis on 
the importance of greater attention to the conservation of 
natural resources is certainly well taken. All of these 
resources have been exploited in the past. In the 
building and rebuilding of cities there should be a 
greater use of existing knowledge of the balance of 
nature, and a research into its unknown quantities. 

In this age of enthusiasm, it is easy to overlook the 
comprehensive in close attention to the specific. Often 
this may lead to an unwarranted concentration of ex- 
pense in a monumental attack on a local problem that 
might better be solved by inexpensive and compre- 
hensive treatment of regional scope. If we take a 
frank look at our modern cities, we see tremendous 
opportunities for improvement. There are millions 
of unhappy, idle men, eager for something to do. The 
causes and cures are many. Perhaps the rebuilding 
of our country, according to comprehensive plans, and 
the more scientific operation of municipal finance may 
help in the future to solve the unemployment situation 


Joseru T. Wooprurr, 


Planning Engineer 
Regional Planning Federation of ‘the 
Philadelphia Tri-State District 


Philadelphia, Pa. 
June 3, 1931 
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SOCIETY 


AFFAIRS 


Official and Semi-Official 


Tacoma—An Outstanding Convention 


Another Quarterly Meeting has come and gone. Tacoma has 
en host to an unusually large and successful convention, leaving 
nly happy memories. The preliminaries started early, when a 
secial tour left Chicago on July 1; and the break-up of the various 
ities was extended even beyond the normal time as various 
sroups made special trips and visits at the close of the sessions 
proper. But whether considered strictly from the viewpoint of the 
eting itself or from that of its larger aspects, the affair was en- 
tirely successful from start to finish. 

Attendance is only one feature of any meeting, and is not always 
a true index of its value; but the fact that 525 or more members 
ind guests gathered in Tacoma indicates at least a strong interest. 
\fter having assembled in such large numbers, the Meeting was 
particularly characterized by the congenial opportunities afforded 
both socially and professionally, and by the intimate touches added 
to all the functions by the local members and their families. It 
goes without question that a large number of the nearby members 
gave without stint of their time and effort. The many souvenirs 
and special features provided through the personal efforts of local 
members and their wives were but indicative of the undertone 
everywhere apparent. 

As to weather, it was made to order, perfect in every respect 
and particularly appreciated on the occasion of Friday’s splendid 
boat trip. On the social side, the Hotel Winthrop in Tacoma was 
practically given over to attending members—a big family party 
as it were. A similar feature characterized the trip from Chicago, 
on which special car and diner service was made available through 
the courtesy of the Great Northern Railway. These conveniences 
were provided all the way from Chicago to Glacier National Park 
and right through to Tacoma. All were roused at 4 a.m., the 
last day, to view the Cascades Tunnel. Various features were 
explained in detail by engineers of the railway who accompanied 
the party throughout the trip. 

Speaking of the social features connected with the Meeting 
proper, the shore dinner was a great success, also the banquet and 
the luncheon with the Tacoma Engineers Club. The approximate 
attendance at the various events, starting with the gathering at 
Glacier National Park, was as follows: 


Visit to Glacier National Park 40 
Visit to Paradise Inn, Rainier National Park 70 
Total Registration Tacoma 510 
General Technical Session . 300 


Technical Division Sessions 


Irrigation 80 
Structural 120 
City Planning and Highway 45 
Power and Construction 170 


Social Events 


Wednesday dinner and entertainment 240 
Ladies’ drive 160 
Shore dinner and dance 275 
Friday boat trip 240 
Saturday Trip, Cushman Power Project 205 


Both Oregon and California contributed large delegations to 
assist Washington in rounding out a representative attendance 
from the Pacific Coast. 

Each of the Technical Sessions, as well as the social gatherings, 
reflected great credit on the local committee in charge of arrange 
ments. This committee was headed by Walter J. Ryan, Chairman, 
assisted by a hard-working and efficient group composed of E. F. 
Pugsley, of Seattle; Eugene Logan, of Spokane; F. R. Schanck, 
of Portland; R. K. Tiffany, of Olympia, President of the Tacoma 
Section; and C. E. Putnam, Vice-President of the Tacoma Sec- 
tion; W. A. Kunigk, W. C. Raleigh, G. L. Parker, and W. J. 
Roberts, all of Tacoma. 

In the special entertainment of the large group of ladies who 
attended, great assistance was rendered through the efforts of the 
Ladies Auxiliary, of which Mrs. Glenn L. Parker is president. 

Special reference to the technical features of the Tacoma sessions 
may well await the September issue. There will be found abstracts 
of the various papers presented, so that members who were not 
fortunate enough to be in attendance may profit by the contribu- 
tions made and have the papers available at the first opportunity. 
The entire technical part of the September issue will be devoted 
to these brief digests of the many fascinating papers which helped 
to make the Tacoma Convention an outstanding technical, as well 
as social, success. 


BoarRD OF DIRECTION OF THE SOCIETY 


In Session at Paradise Inn, Rainier National Park, July 5 and 6, 1931. From Left to Right: George T. Seabury, Secretary; 
L. G. Holleran, D. A. MacCrea, Ole Singstad, Frank E. Winsor, J. M. Howe, F. C. Herrmann, Joseph Jacobs, Charles A. 


Mead, Allan T. Dusenbury, Frank L. Nicholson, Francis Lee Stuart, President; Clyde r. Morris, E. K. Morse, J. N. 
Chester, Ralph Budd, Henry R. Buck, Roy C. Gowdy, and C. E. Beam, Assistant Secretary. 
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Secretary's Abstract of Board of Direction 
Meeting, Rainier National Park, July, 6, 7 


On Tuly 6 and 7, 1931, the Board of Direction held its regular 
quarterly meeting at Paradise Inn in Rainier National Park, 
Wash., with Francis Lee Stuart, President, in the chair; and pres- 
ent: George T. Seabury, Secretary; and Messrs. Buck, Budd, 
Chester, Dusenbury, Gowdy, Herrmann, Holleran, Howe, Jacobs, 


MacCrea, Mead, Morris, Morse, Nicholson, Singstad, and Winsor 


A pproval of Minutes 
Che minutes of the Board Meeting held April 13, 14, 1931, were 
approved as written 


Appropriations 

Of several applications for new or increased appropriations, the 
Board approved only two, one for the support of the Engineering 
Societies Employment Service and the other to permit the Com- 
mittee on Registration to hold another meeting in order to further 
develop its work before the winter's legislative sessions. 


Approval of Changes in Local Section Constitutions 

Changes in the constitutions of the Alabama and the Phila- 
delphia approved. Changes in the Texas 
Section Coastitution providing for ‘‘Local Branches”’ were referred 
to the on Local Sections for recommendation 


Local Sections were 


Committee 


tdmitted to Participation in Technical Division Activities 


Ju niors 

Upon the suggestion of th Technical Procedure Committee, the 
Board directed that the 
changed when necessary to permit Juniors to participate in the elec- 
of the Division Executive Committees and to 


Technical Division constitutions be 


tion of the ofhcer 
vote in other matters referring to Division administration 


American Standards Association Revised Constitution 


As one of the member bodies of the American Standards Associa- 
tion, the Board gave its formal ratification of that organization's 
proposed constitutional revisions 


Death of George F. Swain, Past-President and Honorary Member 


Upon receipt of notice of the death of Past-President and 
Honorary Member, George F. Swain, the Board expressed its 
deep regret and directed that a communication be forwarded to 
Mrs. Swain and that a committee be appointed to draft a suit- 


able resolution to be incorporated in the Board's minutes. 


John Frits Medal Board of Award 

rhe term of John F. Stevens as one of the Society’s four repre- 
sentatives on the John Fritz Medal Board of Award will terminate 
in October 1931. Francis Lee Stuart was appointed to fill the 
vacancy 
Columbia Scholarship 

Upon recommendation of the Columbia University Scholarship 
Committee, the newly reorganized scholarship at Columbia Uni- 
versity was awarded to David C. MacMurray, Jun. Am. Soc. C.E., 
of West Milford, N.J. 


Freeman Traveling Scholarship 

Upon recommendation of the Freeman Traveling Scholarship 
Committee, Hans Kramer, Assoc. M. Am. Soc. C.E., was reap- 
pointed as the 1931-1932 Freeman Traveling Scholar. 


Tests on Reinforced Concrete Columns 

The Board voted to encorse to Engineering Foundation the re- 
searches being carried on at the University of Illinois and Lehigh 
University on reinforced concrete columns. 


Soctety Prizes 
The report of the Society’s Committee on Prizes was received. 
Final action will be take in October 


Committee on Publications 

Report was received from the Society’s Committee on Publica- 
tions relative to a suggestion that some of the Society's pubiica- 
tions might be issued only upon the payment of an additional 
charge It was decided that the present practice of making all 
Society publications free to members should be continued. The 
Board also sustained the Committee on Publication’s decision rela- 
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tive to the printing of certain material proposed for a forthcoming 
Manual on Piles and Pile Driving. 


Committee on Professional Conduct 


The Board considered five cases of alleged unprofessional con 
duct. 


Student Chapter at Pennsylvania Military College 


Upon recommendation of the Society’s Committee on Student 
Chapters,.the Board approved of the application for a Student 
Chapter at the Pennsylvania Military College. Also, upon 
recommendation of the Committee on Student Chapters, the Board 
voted to extend to the members of the graduating class of Newark 
College of Engineering who had been members of the newly 
formed Student Chapter at that institution, the remission of the 
equivalent of one year’s dues, upon their admission as Junior 
members of the Society. 


Registration of Engineers 


With reference to the Joint Committee of Architects and Engi 
neers, the Board adopted the following resolution: 

Wuereas the Jo‘nt Committee on Registration of Architects 
and Engineers has completed its duties; and 

Wuereas the Board of Direction of the American Society of 
Civil Engineers realizes the great amount of work and time in- 
volved in the negotiations and studies in connection with the 
preparation of its report; and 

Wuereas the Board considers that the work of this committee 
had a marked effect in clarifying the situation with regard to the 
proposed legislation affecting the interest of engineers; 

Now, therefore, be it resolved that the Board, in terminating the 
services of the committee, hereby expresses its hearty appreciation 
and thanks to the engineer members of the committee for the 
services rendered 


In response to a request submitted by American Engineering 
Council to all its member-organizations that it be advised as to 
the official attitude of each, the Board voted that it approves of 
registration of engineers. 


Based on a report submitted by the Society’s Committee on 
Registration of Engineers, the Board adopted six principles to 
which it subscribes with respect to the registration of engineers. 
Briefly, these principles are to the effect that there should be no 
division of the engineering profession into its several branches in 
matters of registration, although there is also recognized the ad- 
visability, under necessity, of making such concessions as will 
provide for the registration of certain engineers as professional 
engineers with special qualifications. [An item appearing else- 
where in this department gives these principles in detail. ] 
Topographic Mapping of the United States 

The Board gave hearty endorsement to the efforts which are to 
be made to secure from the Federal Government sufficient appro- 
priations to carry out the intent of the Temple Act, Public Law 
No. 498, 68th Congress, February 27, 1925, and to the removal of 
restrictive clauses in the appropriation bills which hinder or defeat 
the intent of the original Temple Act. A small committee, pos 
sibly with subcommittees in every state, was authorized to co 
operate in this program. 


State Engineering Councils 


Responding to a request of the American Institute of Electrical! 
Engineers, the Board authorized the appointment of three members 
to join with similar representatives of the Mining, Mechanica! 
and Electrical Engineers and American Engineering Council to 
study and report upon the desirability and practicability of forming 
state engineering councils in each state for the purpose of repre- 
senting the engineering profession in legislation and other non 
technical matters affecting the status of the profession and the we!- 
fare of the public. 


Technological Employment 


Responding to a request from the Department of Labor, th 
Board authorized the appointment of a committee of three Socict) 
members to assist in the study which is to be made by that depart 
ment of the matter of technological employment. 


Vou 1, Now 
Sanitary Engineering in State Boards of Health 

Being advised that a radical change is proposed by the State 
Board of Health of North Carolina with respect to the Bureau of 
Engineering and Inspection, the Board authorized that there be 
forwarded to that body and to the Governor of the State a vigorous 
protest against any change which would be likely to result in the 
impairment of the sanitary engineering work which has been 
carried on in that state. 


Adjournment 


The Board adjourned to meet at 10 a.m., Monday, October 5, 
at St. Paul, Minn. 


Fall Meeting—St. Paul 


After a period of 12 years, the Society returns to the upper 
Mississippi Valley to hold its gathering, the Fall Meeting being 
scheduled for St. Paul, October 7-10, 1931. Remembrances of the 
Convention in Milwaukee only two years ago will induce many 
members to return to the neighboring state of Minnesota and enjoy 
a few days of pleasant associations. 

Regional problems, as usual, will take up much of the time at 
the Technical Sessions. In particular, mining and mining interests 
will occupy considerable attention. Leaders in the industry have 
been interested in this meeting, so that a worthwhile program is in 
store. The importance of transportation problems in the upper 
Mississippi Valley will also demand a large hearing and will be 
adequately treated by responsible experts. 

Nor will the Technical Divisions be lacking in suitable arrange- 
ments for ample discussion. Six Divisions have already expressed 
a desire to cooperate with individual sessions, thus guaranteeing a 
well rounded program. 

Not to be outdone on the social side, the committees are prepar- 
ing a notable series of entertainments so that no hour will be left 
without its suitable attraction for the visitor. Outstanding among 
these latter plans is the prospect of a more extended visit than 
usual to one of the important mining centers. 

As further details are matured, members will be informed in 
later issues. 


Registration and Solidarity 


At the meeting of the Board of Direction on July 6, a resolution 
was passed with regard to the desirability of solidarity in the civil 
engineering profession, as applicable to registration laws. The 
resolution follows: 


WHEREAS the several branches of the engineering profession 

have been referred to in some engineer registration laws as if there 

re sharp lines of division between them, and thus they were sub- 
ject to exact definition as separate professions, and 

WHEREAS, instead of sharp divisions, there is and must be always 

i great degree of overlapping of the several branches of the pro- 
ion, 

Be it resolved, therefore, that the following constitutes the prin- 

to which the American Society of Civil Engineers subscribes 
respect to this phase of the registration of engineers: 
That division of the profession into its main branches, such as 
mechanical, electrical, mining, and chemical engineering, 
ld logically and ultimately tend to further partition into 
imerous subdivisions or specialties. 

2. That subdivision or classification of the profession would 
vitably result in groups of specialists seeking recognition by 
lative authority of the special qualifications required in their 
tice, with the result that special laws would be secured for the 
triction of the right to practice in that particular classification of 
leering 

classification of engineers were to be generally adopted, the 
ssion of engineering would tend to degenerate into trade 
ism, and jurisdictional disputes would ensue. 
hat registration laws should recognize the fact that all 
ering practice is the application of common basic knowledge 
arts and sciences to the solution of engineering problems, and 
ciality of engineering practice is of itself a profession. 
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This principle, when coupled in registration laws with a high stand- 
ard of qualifications, will protect to the utmost both the public and 
the engineer. 

4. That one of the most valuable services of the profession to 
the public is that of administering undertakings and projects which 
inherently comprehend a large number of the branches and sub- 
divisions of engineering 

If the various subdivisions and branches were to be separately 
recognized and removed from the general practice of the profession, 
in time there would no longer be an engineering profession but, in- 
stead, a large group of specialists, no one of whom could be compe- 
tent to manage, direct, and conceive engineering projects in their 
entirety. 

5. That subclassification of the profession is contrary to the 
accepted principles of other professions, notably that of medicine, 
law, and architecture. 

As an illustration, no legal subclassification is found of the prac- 
tice of architecture into, say, structural, ecclesiastical, hotel, school, 
etc. 

6. That while holding firmly to the foregoing principles, there is 
recognized the necessity, when existing laws restrict members of the 
profession from practice, of making such concessions as may be 
necessary to enable those members to practice by providing for 
their registration as professional engineers with special quali- 
fications. 


Cwil Engineering News of the Federal 
Government 


As Reportep By AMERICAN ENGINEERING CoUNCIL 


Bureau of Agricultural Engineering 

The Bureau of Agricultural Engineering, authorized by act of the 
last Congress, came into existence on July 1. This bureau takes 
the place of the Division of Agricultural Engineering, which was 
formerly a portion of the Bureau of Public Roads 

According to announcement from Arthur M. Hyde, Secretary of 
Agriculture, S. H. McCrory, M. Am. Soc. C.E., is to head the new 
bureau. Mr. McCrory was formerly Chief of the Division of 
Agricultural Engineering and has been in the service of the 
Department of Agriculture for 24 years. He is a former president 
of the American Society of Agricultural Engineers 

In announcing the appointment, Secretary Hyde said: 

“The importance of sound engineering practice as a factor in 
modern agriculture has made the creation of a new bureau neces- 
sary. Agricultural engineering is one of the younger professions 
and its importance is steadily increasing. The engineering work of 
the department has dealt with irrigation, drainage, soil-erosion 
control, farm mechanical equipment, and farm structures. The 
high efficiency of American agriculture has been in a great measure 
the result of the rapid development of farm machinery, and agri- 
cultural engineering has been instrumental in this development 

“The new bureau will carry on the current activities of the old 
division. The department announces it will continue to emphasize 
farm mechanical equipment studies. These activities will center 
for the present on such work as developing machinery to combat 
crop pests such as the European corn borer, investigations designed 
to improve machinery for distributing fertilizer, and experimental 
studies of cotton ginning. The engineering studies dealing with 
the control of soil erosion will be pushed forward as rapidly as pos 
sible. Eight experimental farms for the study of this problem are 
now in operation. In this work the Bureau of Chemistry and 
Soils and the Forest Service are cooperating.”’ 


Director of Federal Employment Stabilization Board Named 

The organization of the new Federal Employment Stabilization 
Board, authorized by the last Congress, is now under way. D.H. 
Sawyer, M. Am. Soc. C.E., Consulting Engineer of New York, was 
recently appointed director of this board by Robert P. Lamont, 
Secretary of Commerce. Mr. Lamont is chairman of the board, 
whose other members are the Secretaries of the Treasury, Agri- 
culture, and Labor. 

One of the main functions of the board is to supply the President 
with accurate information at all times respecting trends in con- 
struction under private direction as well as that under state and 
municipal control. Compilation of statistics on construction of all 
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kinds ts included in the preliminary conception 
of the board's work, and from these data the 
board will be able to form an opinion con 1S 
cerning the most effective time for launching 
ob 
It is hoped that from the information sup er ve 


through this new ent Stabil 
| 1 thr h t n mp yment Stabili On The Celebration of ite 


ition Board, the Federal Government may 


complish much in leveling the peaks of the SEVENTY-FIFTH ANNIVERSARY 


economic cyck Preliminary work along 

these lines has been done by the Division of Dune 1951 
Building and Housing This division will 

now be transferred to jurisdiction of the new N ~ 
board GREETINGS 


Subcommittee on Relief from Unemployment Palinaful of its Success in Uniting the Technical Men 


Holds Meeting 

The subcommittee appointed by Chairman ot Germany in one Organization, and thus Achieving- 
R. F. Schuchardt of the Public Affairs Com- F 
mittee of American Engineering Council, on Co. operatic m between the Various Branches ot ngi- 
Relic oO U me ent, held « -eting 
ee a neering; Its Seal in Initiating and Carrying Out 


in Pittsburgh on June 18 rhe subcommittee 


is composed of F. J. Chesterman, E. K. Ruth, Projects of Research; Its Adivity in the Field ot Pub. 


M. Am. Soc. C.E W. R. Webster, R. C 

Marshall, Jr, M. Am. Soc. C.E.; and L. W lishing: in Technical Education, and in the Guidance 
Wallace, Executive Secretary of American 

Engineering Council Che committee devoted of Pro oper Legislation; LR BW BD 


the entire day to deliberations and formulated 
1 report which contemplates action along GOS offers 
Its ons upon this Happy Occasion.with Hearti- 
Prot. Georae F. Swain est Wishes for the Continuation ot these Beneficent 
| | Activities, for the Maintenance of High Ideals,and 
og for the Perpetuation of Cordial Relations between 


neering is lost to the ranks of the profession 

in the passing of George F. Swain, Hon. M the Societies 

Am. Soc CLE His death occurred at his 

summer home in Holderness, N.H., on July 1, ra 6 ’ 
att 


1031 The funeral! service held on July 3 at 
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the Second Unitarian Church in Boston was 
largely attended by associates, friends, and 
former students 

His active nature carried him into many 
fields such as transportation, structures, and 
hydraulics And yet throughout his entire 
life he remained true to his primary calling 
he was one of the great engineering teachers 
lo every problem to which he bent his efforts, 
he bestowed a keen analyticalinterest. Hosts 
of young men went out into engineering life 
fired with his zeal Many others were in- 
spired by his numerous writings 

In late years he had been entirely confined REPRODUCTION OF THE CERTIFICATE, ILLUMINATED IN COLOR, PRESENTED BY THE 
as an invalid; but to his Boston home came SOCIETY TO THE VEREIN DEUTSCHER INGENIEURE 


a continual stream of engineering friends 
whom he delighted to welcome. Of all the tributes to a full and of concrete. A change from the 28-day to 7-day strength require- 
successful life, he cherished most the coveted distinction of Honor- ment is also being considered. 
ary Membership in the Society Recent developments in the field of ready-mixed concrete hav: 
raised new problems not covered by the former specifications 
The committee proposes to incorporate suitable provisions for th: 
control of ready-mixed concrete. On the subject of concrete rein 
forcement, the committee has gone on record as opposed to the 
provisions of permitting the machining of test specimens for di 
: : termining the physical properties of deformed bars. The com 
Notable progress was made in the consideration of specifica- plete organization and previous progress of this committee were 
tions for concrete quality, design of mixes, and testing of rein mentioned on page 753 of the May issue. 
forcement at the meeting of the Joint Committee on Standard ; 
Specification for Concrete and Reinforced Concrete, held at the 


Stevens Hotel, Chicago, on June 22 and 23 The Society is in- 


Additions lo Concrete Specifications 


terested in this Committee on which it maintains the following 

official representation: W. A. Slater, Chairman: F. E. Richart and 4 {ppointments of Sociely Representatives 

W. 5S. Thomson, Members Am. Soc. C.E.; and M. N. Clair and 

A. E. Lindau, Associate Members Am. Soc. C.E Ear Stimson. M. Am. Soc. C.E., Chief Engineer, Maintenance, 
Concerning the quality of concrete, the dual requirement of a the Boston and Ohio Railroad Company, has been appointed th 

minimum strength and maximum water-cement ratio is proposed Society's representative on the Sectional Committee on 5) 

Che purpose of the limitation of the water-cement ratio is to avoid cations for Railroad Ties, under the Auspices of the America® 

the use of unduly lean mixes and thus to safeguard the durability Standards Association. 
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Membership Applications 


During one week of June, from the 16th to the 23d, applications 
1 admission to the Society were received to the number of 81. 
or the current year, this appears to be the peak of the spring 
ictivity 
In explanation, it may be recalled that this large number cor- 
responds with the graduating season in many engineering colleges 
(he number is largely made up of such young men, although it also 
cludes a generous number of normal applications from older 
igineers. 
This yearly influx of ambitious young men shows an interest in 
Society which is indeed encouraging. In large measure, it re- 
cts the prestige which has been conferred upon the organization 
through its many years of existence by the faithful labors of a large 
nd enthusiastic membership 


Further Student Prize Winners 


lo the list published in the July issue, of members of Student 
hapters to whom Local Sections had awarded prizes, additions are 
ng continually received. This further list includes the following 


names 


Loca. SECTION 


STUDENT COLLEGE Givinc AWARD 
Edwin Rose University of Cincin- Cincinnati 
nati Section 


Otis Harold Walker Kansas State College 
of Agriculture and 
Applied Science 

University of Kansas | 


f Kansas State 
Herbert E. Prater 


Tulane 
Louisiana State 


Terome Claudius Baehr 


Louisiana 
Clayton Reeves Lowe j 


Frank E. Dolson Washington University St. Louis 
Clarence Mortimer } 
Hawkins University of Virginia 
John Alexander Veech Washington and Lee 
University 
Virginia Polytechnic 
Institute 


> Virginia 


Adolph M. Harris 


Our Library 


Except for a few hundred books of very frequent usage and great 
demand, which are maintained in the Reading Room, the Society has 
independent library. Its large collection of books was merged 
with the Engineering Societies Library when it moved to its present 
Headquarters. 
\s a result of the union of all the Founder Societies’ Libraries in 
this one great assembly, Engineering Societies’ Library exists as one 
{ the valuable technical storehouses for books in existence, if not 
the most important in the entire world. What this Library is 
mplishing is vividly seen in some of its records, as recently re- 


rted by its director, Harrison W. Craver. 
n June 1 the main collection comprised 141,546 books and 
mphlets. During the first five months of 1931, 4,880 books and 


mphlets were either purchased or received as gifts. Of these, 
were added to the main collection, which now represents 
60,527 titles, indexed in the catalog under 37,100 subjects for ease in 
ig. The catalog contains 434,326 cards under 135,574 classi- 

ms. The budget for 1931 is $56,653.55. 
number of visitors to the Library during the five-month 
was 12,255. Service was given to 18,726 members of the 
ering profession. The wants of 2,553 members were supplied 
phone. Forty-two searches were made and 89 technical 
s were translated. Orders for 21,691 photoprints were re 
from 2,136 persons. Information was sent to 1,561 members 
ter, and books were loaned to 90 distant members at their 


ng the calendar year 1930, the Library was used by over 
ngineers. This year, despite the depression, an even larger 
r will be served. 
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Memoirs Avadable 


Although Memoirs no longer appear currently each month in 
PROCEEDINGS, this does not mean that work on this important 
phase of Society activity has ceased. The fact of the matter is that 
Memoirs are continually being submitted by interested members 
and friends and are being put in type. Subsequently, in forth- 
coming issues of TRANSACTIONS, they will appear as a permanent 
record of important engineering activities on the part of deceased 
members. 

In the meantime, preprints of many of these Memoirs have been 
obtained and distributed to the authors and to the families of the 


deceased. 


had for the asking 


Although it is not generally known, such copies of 
Memoirs are also available to any interested friends and may be 
For the convenience of members, the list of 


those now available is here included, as follows: 


William Henry Adey 
Andrews Allen 

Kenneth Allen 

Justin Kenderdine Anderson 
Louis Russell Ash 

Stedman Bent 


Axel Samuel Frederick Berquist 


Alexander Leslie Black 
John Carlisle Bland 
Stoerk Johan Bratager 
Robert Brown 

Morton Burden 

Henry Amsden Burr 
Maxwell Cunningham Byers 
William Cain 

George Linden Campen 
William Waller Carson 
Willis Chipman 

Maurice Wurtz Cooley 
Frank Eugene Davidson 
George Davidson 

Joseph Phineas Davis 
Harry Espenship Detwiler 
Raymond Arden Edwards 
Lloyd Tilighman Emory 
Harrison Robert Fehr, Sr 
Roger Morse Freeman 
William James Fulton 
Horace Delphos Gates 
Thomas Golding Gerdine 
Arthur Bates Goodwin 
Mortimer Grant 
Benjamin Mortimer Hall 
James Hendricks Hallett 
Charles Ellett Hart 
Alfred Ernest Harvey 
Harry Hawgood 

Allen Hazen 

Robert Grier Hemphill 
Lewis Stirling Hereford 
Clemens Herschel 
Edward Baxter Hill 
Edwin Allston Hill 

John Wilmuth Hill 
Albert Harrison Hogeland 
William Hausner Hoyt 
Marion Columbus Huckaby 
Hector James Hughes 
Andrew Murray Hunt 
Thomas Pearson Kinsley 
Sentaro Kondo 

King Yang Kwong 
George Herbert Leland 
Eugene McLean Long 
Henry Howell Lotter 
Jacob Lott Ludlow 

John Lundie 

Henry Martyn MacKay 
William Walter Maclay 
Clark Rogers Mandigo 
Marsden Manson 
Charles Cyril Martin 


George Arnold McCarthy 
John Alexander McDonald 
Anson Burlingame McGrew 
Joseph Davis Metcalfe 
Sheldon Elton Minor 
Henry Mitchell 

John Mitchell Moncrieff 
Richard Montfort 

Andreas Wendelbo Miinster 
George H. Norman 
Cornelius Joseph O'Connor 
Robert McKnight Pardee 
Charles Wellman Parks 
James Suydam Polhemus 
James Bond Pope 

George Frederick Porter 
William Abbott Pratt 
John William Raitt 
William Couts Randolph, Jr 
William Boardman Reed 
Claude Irvin Rhodes 
Franklin Riffle 

Edward Austin Rix 
Thomas Rodd 

Hans Henrik Rode 

Joseph Warren Rogers 
Marshall Pugh Rogers 
John Henry Rostock 
Harry Harwood Rousseau 
Richard Lord Russell 
George Fredrick Samuel 
Nicholas Alexander Scripko 
William Laurie Seaman 
Ivan Oscar Shaffer 

Robert Ames Shailer 
Stanley Rush Sharts 
Erastus Roland Simpson 
Bronson Hasbrouck Smith 
Jay L. Stannard 

Harold David Stoll 
Franklin Stevens Storey 
John Gerard Theban 
Walter Checkley Tiffany 
Louis Lincoln Tribus 
Edmund Kimball Turner 
Charles Augustus Van Keuren 
Robert Lawrence Van Sant 
Harry Lee Van Zile 

James Russell Vaughan 
Edward Franklin Vincent 
Fred J. Wagner 

Albert Lowry Webster 
George Smedley Webster 
William Franklin Whitaker 
James Edward Whitfield 
Frank Clinton Wight 
Charles Edward Willacker 
William Fish Williams 
Carlton Carpenter Witt 
Adolph Yappen 

Robert Elgene Yolton 
Samuel McCain Young 


A Preview of Proceedings 


An outstanding characteristic of the August number of Pro- 
CEEDINGS each year has been the large amount of space allotted to 
discussion. The forthcoming issue is no exception to this rule. 
A number of papers that have been actively discussed during the 
past year or more are being closed by their authors in this issue. 
Prominent among such closing discussions will be that of Benjamin 
F. Groat, M. Am. Soc. C.E., whose paper, ‘“The Theory of Similar- 
ity and Models,” appeared in Procereptnecs for October 1930. In it 
he enunciated a concise theory of similarity in models, and showed 
that the materials used, including fluids, should be chosen, made, 
or arranged so as to adapt them especially for service in models. 
He has scouted the idea that there are different kinds of similarity. 
All the various designated laws of similarity should reduce immedi- 
ately to Newton's one unique definition of the theorum. 


Groat CLams Basic ERROR IN MAXWELL’S VISCOSITY 
FORMULA 


That the paper has been closely read is attested in various ways, 
especially by the discussion appearing in successive issues of 
PROCEEDINGS. Those who are interested in this subject will find in 
the August number that Mr. Groat refutes all of the critical 
arguments advanced against the acceptance of his basic principles 
and contributes numerous additions to present-day knowledge in 
the field of model engineering. According to Mr. Groat, the de- 
signer should need no correction factors for his experiments on a 
model other than the conversion ratios, which may all be derived 
immediately from certain fundamental ratios introduced in the 
main paper. Even these, he says, will be unnecessary if the ex- 
perimenter uses model ‘weight, measures, and watches,"’ in making 
his observations. Then the model is a theoretically perfect repre- 
sentation of the prototype and needs no correction 

Questions raised in discussions led Mr. Groat into what may 
prove to be a startling discovery, that in 1859 Maxwell made an er- 
ror in the use of momentum in the original deduction of his formula, 
ub ep cl, for connecting the coefficient of viscosity of a gas with 
the density, molecular mean velocity, and molecular mean free 
path for the same gas and its molecules. In order to effect the 
necessary correction, Mr. Groat declares that all the values of the 
mean free path that have been calculated since 1859 by means of 
Maxwell's formula from experimental observations of the coeffi- 
cient of viscosity must be doubled. According to the author, this 
error has arisen through a consistent misuse of the concept of mo- 
mentum and momentum transfer 

In his conclusions, Mr. Groat states that the error disclosed and 
the corrections indicated in his closing discussion will involve changes 
in textbooks, handbooks, and all chemical and physical tables. 


FINANCING STREET AND HIGHWAY IMPROVEMENTS 


During the course of an entire year the Highway Division of the 
Society considered the subject of the “Equitable Distribution for 
Highway Purposes of Motor Vehicle Licenses and Gasoline Taxes”’ 
at three different meetings throughout the United States. Papers 
were presented successively by George B. Sowers, O. E. Carr, 
George H. Henderson, and Frederic E. Everett, Members Am. 
Soc. C.E. These papers and the oral discussion on them consti- 
tute the source of the present paper by R. W. Crum, M. Am. 
Soc. C.E., member of the Executive Committee of the Division and 
Director of the Highway Research Board, National Research 
Council, Washington, D.C 

Seldom is it possible to present a paper based on such well seasoned 
information as this, and it is the hope of the Highway Division that 
the membership at large will discuss this paper freely. Because of 
its timeliness it was first published in Crvrm ENGINEERING in 
March 1931 The paper has now been revised, rearranged, and 
corrected for its final form as a contribution to the PROCEEDINGS 
and TRANSACTIONS of the Society 


BIBLIOGRAPHY OF PHYSICAL PROPERTIES AND BEARING 
VALUE OF SOILS 


In the August 1917 issue of Proceeprmncs, the Society published 
its first bibliography on soils as Appendix D to a progress report by 
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its special committee to codify present practice on the bearing 
value of soils for foundations. That list contained approximately 
850 references. Other lists were similarly printed at later dates 
The forthcoming supplement to that bibliogray v, in the August 
1931 PROCEEDINGS, contains 800 additional refe: ss. The Society 
is indebted to the Carnegie Library of Pittsburgh for the compila- 
tion of this work. 

The new bibliography contains references of publications that 
have appeared in the 11 years preceding the middle of 1928. Refer- 
ences on erosion, sedimentation, and silting, which were included in 
the earlier bibliography, do not appear in the present list. 


News of Local Sections 


CENTRAL ILLINOIS SECTION 


There were 56 members and guests in attendance at a dinner 
meeting of the Section, held in Champaign on May 25. The guests 
of the occasion and principal speakers were President Stuart and 
Secretary Seabury. The place of the engineer in the economic de- 
velopment of the country was the subject of President Stuart’s talk, 
while Mr. Seabury outlined the activities of the Society during the 


past year. 
CENTRAL OnI0 SECTION 


The regular monthly meeting of the Section was called to order 
by President Lee on June 18, with 36 members and guests present. 
The secretary announced that the student prize annually awarded 
by the Section to the student at Ohio State University having the 
highest point average in civil engineering has been won by John 
R. Morris, of Highland, Ohio. Under the supervision of Orris 
Bonney, the members enjoyed an inspection trip to the new Scioto- 
Olentangy intercepting sewer now under construction. 

A luncheon meeting of the Central Ohio Section was held in 
Columbus on May 14, at which 33 members and guests were pres- 
ent. Clyde T. Morris, Professor of Structural Engineering at 
Ohio State University, read a very interesting paper on ‘Wind 
Stresses in Tall Buildings,” which was thoroughly enjoyed by all 
present. 


CLEVELAND SECTION 


A luncheon meeting of the Section was held June 2, with 26 
members and guests attending. After the business session, those 
present enjoyed an illustrated talk by Paul Gross on the subject of 
the hydro-electric developments of the Aluminum Company of 
America along the Saguenay River in Canada. 

On May 7, the Cleveland Section held a luncheon meeting which 
was very well attended. A report was submitted by R. F. Mac 
Dowell, Civil and Sanitary Engineer, on the consideration of the 
question of segregating the Water Resources Branch of the US 
Geological Survey as an independent bureau. “Improving the 
Cuyahoga River’’ was the subject of a discussion by Robert Hoff 
mann, Construction Engineer, Public Works, City of Cleveland 


DayTON SECTION 


Afteraluncheon on May 11 at the Engineers’ Club, 25 members 
of the Dayton Section were taken on an inspection tour throug! 
Miller’s Ford plant of the Dayton Power and Light Compan) 
Another inspection trip was taken on June 8 to the city’s new sew 
age disposal plant. This tour was conducted by W. W. More- 
house, Director of Water, and M. W. Tatlock, Superintendent 0! 
the Sewage Disposal Plant. 


ILLINOIS SECTION 


The award of certificates to engineering graduates of various 
Illinois colleges was a feature of the meeting of the Section, held 
the Chicago Engineers’ Club on May 29. In a brief talk, Pres 
dent Hansen reminded the student guests of their opportunity ‘ 
study the causes of the present depression and to seek remedies ! 
it. Among the speakers were Dr. Hatt, of Purdue Unive 
Professors Maney and Hathaway, of Northwestern Un: 
Professor Huntington, of the University of Illinois; Profess 
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nnett, of Lewis Institute; and Professor Wells, of Armour In- 
ite of Technology. There were 40 members and guests in at- 
dance. 
Los ANGELES SECTION 


\ luncheon in honor of President Stuart was given by Mr. Lin- 
a, president of che Los Angeles Section, at the Pacific Coast 
ub, on July 17. After luncheon, which was attended by various 
rominent local engineers and officials, the group were taken on 
tour of the harbor by George F. Nicholson, Chief Engineer of the 
s Angeles Harbor. Having served as Consulting Engineer for 
Greater Harbor Committee of 200, President Stuart was par- 
ticularly interested in this feature of his visit. 
In the evening, a meeting of the Los Angeles Section was held at 
Elks’ Club, with about 65 members and guests in attendance. 
\ program consisting of music, vocal solos, and dancing had been 
arranged, and an interesting account of the Tacoma Meeting was 
viven by Mr. Linton. The principal event of the evening was 
President Stuart’s address on the present economic condition of 
the country, as it affects the profession of civil engineering. 


LOUISIANA SECTION 


More than 40 members of the Louisiana Section, as guests of 
the New Orleans Levee Board, made an inspection trip on May 
© to the lake-front development project being constructed on Lake 


Group OF MEMBERS OF THE LOUISIANA SECTION 


Pontchartrain. Traveling by boat, work train, and on foot, the 
members examined the entire length of the sea wall, which they con- 
sider the ultimate solution to the reclamation and stabilization of 

e lake front. The party of guest engineers was headed by Colo- 
nel Bres, chairman of the Aims and Activities Committee of the 
Louisiana Section of the Society, while the levee board was headed 
by A. L. Shushan. 


MIAMI SECTION 


A meeting of the Miami Section was held at the Coral Gables 
Golf and Country Club on April 20, with 18 members in atten- 
lance. The principal speaker was F. J. Nebiker, of Everglades, 
Fla., who gave an instructive talk on Everglades drainage and de- 
velopment work in Collier County. 

The business program of the meeting of the Section, held in Mi- 
amion May 28, included the election of M. R. Kays, of West Palm 
Beach, to the position of president of the Section, recently left 
vacant by the resignation of George P. Morrill, who is transferring 
us business location away from Florida. Following an illustrated 
lecture on the Catskill water supply of the City of New York, 
ere was a general discussion on the subject of water supply. 


MILWAUKEE SECTION 


\t the meeting on May 20 of the Milwaukee Section, a report by 
Lundahl, Chairman of the National Affairs Committee, was 
uscussed. A motion was made, seconded, and carried that this 
mmittee be directed to take on the duties of a committee on 
tional Expansion.”” The meeting was held just prior to 

ilar meeting of the Engineers’ Society of Milwaukee, which 

vas under the auspices of the Milwaukee Section of the Society, 
ad at which Emil Fritch gave an illustrated address on Japanese 
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methods of making rail and tie renewals on Japanese-operated rail- 
roads. 


NEBRASKA SECTION 


On his way to the Summer Meeting at Tacoma, President Stuart 
was the guest of honor at a meeting of the Nebraska Section, held 
on June 29, in Omaha. He spoke on the subject of the obligation 
of the engineer to his community. Officers for the coming year 
were elected as follows: T. A. Leisen, President; Glenn Mason, 
Vice-President; and Rex Edgecomb, Secretary. 


PHILADELPHIA SECTION 


There were 80 in attendance at the annual meeting of the Sec- 
tion, held on June 1, with President Stuart and Secretary Seabury 
as guests. The early days of the Philadelphia Section and the 
history of its growth were the subject of a talk given by Charles 
H. Stevens, Director of the Society. Following this, President 
Stuart gave an address emphasizing the need and opportunity for 
engineers to aid in the present economic crisis. At the conclusion 
of President Stuart's address, Secretary Seabury talked on Society 
activities, touching in particular upon the subject of registration 
of engineers. The officers of the Philadelphia Section for the 
coming year are as follows: James W. Follin, President; San- 
ford W. Sawin, Vice-President; and Charles A. Howland, Secre- 
tary-Treasurer. 


PORTLAND SECTION 


Members of the Oregon State Agricultural College Student 
Chapter were guests of the Portland Section at a meeting held at 
the University Club on May 27. The feature of the occasion was 
the presentation of the three prize-winning papers in the recent 
contest conducted by the Portland Section for Junior membership 
in the Society. The Student Chapter members who won these 
membership prizes are Dale Sturmer, F. W. Parker, and Euel F. 
Philpott. 


SACRAMENTO SECTION 


The Sacramento Section continues its practice of holding weekly 
meetings, all of which are very well attended. Among the well 
known speakers whom the engineers have enjoyed hearing are Col. 
B. C. Allin, Manager of the Port of Stockton; R. D. Goodrich, 
Senior Hydraulic Engineer with the Sacramento Office of the U.S. 
Engineering Department; J. Burdette Brown, extension specialist 
in irrigation with the University of California; and T. L. Phillips, 
Principal Assistant Engineer of the Western Pacific Railroad. 


SEATTLE SECTION 


Business routine occupied the greater part of the monthly meet- 
ing of the Seattle Section, held at the Engineers’ Club, June 22, 
with 108 in attendance. The speaker of the evening was Admiral 
L. E. Gregory, C.E.C., U.S.N., Retired. The World’s Fair, to 
be held in Chicago in 1933, was the subject on which Admiral Greg- 
ory spoke. He was former Director of World’s Fair Exhibits 


Sr. Louts SECTION 


The regular monthly luncheon of the St. Louis Section was held 
at the Hotel Mayfair on June 22. An interesting illustrated talk 
on “Our Mineral Resources’’ was given by W. M. Weigel, Mineral 
Technologist of the Missouri Pacific Railroad. 


Student Chapter News 


UNIVERSITY OF COLORADO STUDENT CHAPTER 


Two meetings a month, with an average attendance of 53 
members for each meeting, established a record for the University 
of Colorado Student Chapter during the past year. Although 
the programs for these meetings usually consisted of papers given 
by members of the senior classes in civil and architectural engi- 
neering, several men prominent in the profession and in the Society 
were also engaged as speakers. 

The following officers have been elected for the coming year: 
Frank Goehring, President; Donald Sutherland, Vice-President; 
Charles Neel, Secretary; and Paul Warren, Treasurer. 
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ITEMS OF INTEREST 


Engineering Events in Brief 


Generous Gift to the 
Engineering Foundation 


[uk ANNOUNCEMENT comes from John 
V.N. Dorr, President of the United Engi- 
neering Trustees, Inc., and H. Hobart 
Porter, M. Am. Soc. C.E., Chairman of 
the Engineering Foundation, that Am- 
brose Swasey, Hon. M. Am. Soc. C.E., 
founder of the Engineering Foundation, 
has just added another $250,000 to his 
previous gifts, bringing their total to 
$750,000 

Born at Exeter, N.H., nearly 85 years 
ago, Mr. Swasey is the surviving mem- 
ber of the firm of Warner and Swasey, of 
Cleveland, Ohio, famous for the building 
of great telescopes, and of instruments and 
machine tools of precision. The Engi- 
neering Foundation was founded in 1914 
on the basis of his conception of a research 
service that would be of broad benefit to 
the profession of engineering and to man- 
kind. It was established by the national 
societies of Civil, Mining and Metallur- 
gical, Mechanical, and Electrical Engi- 
necrs 

This latest gift was made at a dinner at 
the University Club, given by Chairman 
Porter of the Foundation, at which Mr 
Swasey was the guest of honor. There 
were present also more than 30 presidents 
and former presidents of national engineer- 
ing societies, of the United Engineering 
Irustees, and of the Engineering Founda- 
tion, as well as other nationally prominent 


engineers 


Flood Control in Hungary 


CONSIDERABLE interest attaches to 
the measures adopted for flood control 
which have recently been observed in 
Hungary by Hans Kramer, Assoc. M. Am 
Soc. C.E., Freeman Fund Scholar The 
following is an extract from one of Lieu- 
tenant Kramer's recent reports 

On the Tisza, which drains the great 
Hungarian plain and whose hydrographic 
and topographic characteristics greatly 
resemble those of the Mississippi, a highly 
developed and efficiently organized flood 
control system is in operation. For flood 
control the whole watershed is subdivided 
into natural districts organized as private 
corporations under government coordina 
These districts 
levees The 


tion and 
build and maintain all 
government executes all bank protection 
work and improves and maintains the 


supervision 


navigable channel 

“The ‘levees only’ system is used ex 
clusively on the Tisza. Levee watch 
men with headquarters about every 5 km 
maintain large stores of fascines and other 
materials and tools along the levees for 
emergency ust Enlargement of levee 
cross-sections to new standards prescribed 


as a result of the 1919 maximum flood is 
still in progress in many localities. Man- 
ual construction methods are _ used 
throughout 

‘In the execution of the Tisza improve- 
ment project some 112 cut-offs have been 
constructed, which have shortened the 
natural river course about 35 per cent. 
No protective measures were taken before 
the cut-offs ‘were made to limit the extent 
of subsequent bank erosion. Although 
this straightening has produced a quicker 
discharge and shorter duration of danger- 
ous flood stages, it has also produced 
serious difficulties in bank erosion due to 
increased velocities, and in channel main- 
tenance in straight cut-off reaches. These 
difficulties are being combated by the en- 
gineering skill of the present generation. 
The serpentine trace with the best natural 
curvatures is strongly favored by the 
present engineers, even for desirable and 
necessary cut-offs. 

“The Hydrographic Bureau of the Hun- 
garian Government, which issues daily 
hydrographic maps—-similar to weather 
maps—showing river stages and flood 
predictions of vital concern to navigation 
and levee districts, is a highly efficient 
organization.” 


Society Delegates at Political 
and Social Science Meeting 


Many interesting and timely addresses 
on all phases of our international rela- 
tionships—economic, social, and _politi- 
cal—were given at the 35th annual meet- 
ing of the American Academy of Political 
and Social Science, held in Philadelphia, 
April 17 and 18, 1931. The Society was 
represented at this meeting by three dele- 
gates, Thomas Buckley, M. Am. Soc. 
C.E., Philip H. Carlin, Assoc. M. Am. 
Soc. C.E., and Charles A. Howland, Assoc. 
M. Am. Soc. C.E., who have given an 
interesting and comprehensive report of 
the various proceedings. 


COMING EVENTS 


Sr. Paut 1n Ocroser! 
Fatt MEETING OF THE 
American Society or Crvit 
ENGINEERS 
St. Paul, Minn. 
October 7, 8, 9, 10, 1931 


INSTITUTE OF ELECTRICAL 


ENGINEERS 


AMERICAN 


Annual Pacific Coast Convention, at Lake 
Tahoe, Calif., August 25-28 
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A.S.T.M. Election Results 


Resu.tts of the election of officers for 
the year 1931-1932 were recently ay 
nounced by the American Society for 
Testing Materials. The new officers are 
as follows: 

President, Frank O. Clements, Technica! 
Director, Research Laboratories, General 
Motors Corporation, Detroit. 

Vice-President, Samuel T. Wagner, M 
Am. Soc. C.E., Consulting Engineer, Read- 
ing Company, Philadelphia. 

Members of Executive Committee, Arthur 
W. Carpenter, Manager, Testing Labo- 
ratories, B. F. Goodrich Company, Akron: 
Kenneth B. Cook, Technical Manager, 
Manville Jenckes Company, Pawtucket, 
R.I.; J. B. Johnson, Chief, Material 
Branch, Material Division, U.S. Army 
Air Corps, Wright Field, Dayton; Georg: 
C. D. Lenth, M. Am. Soc. C.E., Consult- 
ing Engineer, Chicago; O. L. Moore, Fn- 
gineer of Tests, Universal Atlas Cement 
Company, Chicago. 


S.P.E.E. Elects Officers 


At the 39th annual meeting of the 
Society for the Promotion of Engineering 
Education, held at Purdue University, 
June 17-19, officers were elected for the 
coming year as follows: 

President, H. S. Evans, Dean, Colleg 
of Engineering, University of Colorado, 
Boulder, Colo. 

Vice-Presidents, Harvey H. Jordan, M 
Am. Soc. C.E., Professor and Head 
General Engineering Drawing, and Assis 
tant Dean, College of Engineering, Uni 
versity of Illinois, Urbana; and D. § 
Anderson, Dean, College of Engineering 
Tulane University, New Orleans. 

Secretary, F. L. Bishop, University of 
Pittsburgh, Pittsburgh. 

Treasurer, W. O. Wiley, John Wiley and 
Sons, New York, N.Y. 

Members of Council, A. M. Dudley, 
Engineering Supervisor of Development 
Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa.; Georg 
A. Stetson, Editor, A.S.M_E., New York 
N.Y.; L. E. Conrad, M. Am. Soc. C.! 
Professor and Head, Department of Civil 
Engineering, Kansas State Agricultura! 
College, Manhattan, Kans.; Frank 
Eidmann, Professor of Mechanical Eng! 
neering, Columbia University, New York 
N.Y.;: Ben G. Elliott, Professor of 
Mechanical Engineering, University 
Wisconsin, Madison, Wis.; Arthur § 
Norton, Associate Professor of Mecha 
Engineering, Harvard University, ‘ 
bridge, Mass.; and Elgin R. W 
Associate Professor of General Eng 
ing, University of Washington, > 
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Of Interest to Bridge and 
Highway Engineers 


[wo vo_umes of value to bridge and 
ghway engineers have just been pub- 
hed by the American Association of 
tate Highway Officials. One volume, 
entative Standard Specifications for High- 
Vaterials and Methods of Sampling 
Testing, gives a comprehensive sum- 
ry of all specifications in this field that 
ve been adopted by the association. 
other volume, Specifications for High- 
Bridges and Incidental Structures, 
tains in complete form the standards 
.dopted by the association and deals fully 
the subject of concrete, steel, and 
timber bridges. 

Many methods of sampling and testing 
naterials are published for the first time 

the volume on highways. Seventy-four 
ich methods are presented and, since 

the American Society for Testing 
Materials, references to these standards 
ire given in notes under the titles. Devia- 
tions from them are indicated by footnotes 
lowing descriptions of the methods. 
he section dealing with testing materials 
well illustrated. 

\lthough the volume dealing with 
bridges was primarily compiled to meet 
the requirements of state highway bridge 
ngineers, it is valuable as an authentic 
reference and guide to all engineers en- 
gaged in bridge design. Those features 
lealing with steel were approved jointly 
with the bridge engineers of the American 
Railway Association. The two volumes 
may be obtained for a nominal sum ftom 
the American Association of State High- 
way Officials, Washington, D.C. 


\ World-Wide Index Service 


\ccorDING to J. E. Hannum, Editor of 
Engineering Index Service, a total of 
ibout 2,000 different periodicals on the 
ject of engineering are received by the 
Service. Of these, 153 deal with civil 
ering primarily, and 326 are gen- 
ral in character and include civil engi- 
ng within their field. An analysis 
year 1930 showed that, of the total 
er of publications received, 46 per 
were published in the United States, 
2! per cent were published in English 
the United States; making a total 
per cent in English. Of the remain- 
¢ 33 per cent in other languages, 14 
nt were in German and 7 per cent in 
ch, leaving 12 per cent divided among 
r European languages and Icelandic, 
and Japanese. These publica- 
me from all over the world, even 

egypt and South Africa. 
t a bit nearer home, the Society 
ves to 34 of the 223 sales divisions 
ch this wealth of periodical litera 
livided—all those divisions which 
clusively with civil engineering 
issues of ENGINEERING 
ive appeared to date, nearly 1,100 
have been selected for inclusion 
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in the department of “Current Periodical 
Literature’’—an average of about 100 each 
month. 

At the end of the calendar year, all the 
items indexed by the Engineering Index 
Service are carefully arranged and pub- 
lished in book form. These volumes are 
available in most libraries. 


American Engineers Honored 
by Greece 


Ir 1s interesting to note that engineers 
and contractors are receiving public recog- 
nition for their accomplishments both in 
this country and abroad. At the time 
of the completion of Coolidge Dam in 
Arizona, bronze tablets containing the 
names not only of the principal engineers 
and contractors but also of their humbler 
associates on the work, were erected. 


ENTRANCE TO INSPECTION GALLERIES 
oF MARATHON DAM 


Reproduction of Old Athenian 
Treasure House 


Nor are foreign countries lacking in a 
realization of the dignity and importance 
of engineering achievements. In Athens, 
during the month of June, a festival was 
held before the ancient Temple of Zeus to 
inaugurate a new water system for the 
metropolitan area, costing $12,500,000. 
At this time, six engineers and contractors 
of Ulen and Company, who were largely 
responsible for the design and construction 
of the project, were signally honored by 
the government of Greece 

Those receiving the awards were Henry 
Ulen, who was made a Grand Officer of 
the Phoenix, the highest honor that the 
government can bestow; Thomas Shep- 
perd, Merton Keefe, and Roy Gausmann, 
all Members Am. Soc. C.E., who were 
made Commanders of the Order of the 
Savior; and Reginald Keays, M. Am. 
Soc. C.E., and Earl Vaughn, who were 
made Gold Cross officers of the last- 
mentioned order. 


Bureau of Standards Soil 
Corrosion Tests 


In 1911 the Bureau of Standards began 
a study of the effect of stray currents 
from railway lines on corrosion of water 
and gas utility pipes. The rate of cor- 
rosion in different soils was so variable 
that the soils themselves were thought 
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to be responsible. In 1922, many different 
kinds of pipes, both coated and uncoated, 
were buried in various types of soils in 
selected parts of the country. Samples 
are removed each two years for observa- 
tion and measurement. 

While no final conclusions can be drawn 
from the results to date, no proof has so 
far been discovered that indefinite life 
can be secured by the use of coatings 
Details of the scope of the tests originally 
planned, and a discussion of the soils in- 
volved, are contained in Technologic 
Papers of the Bureau of Standards, No 
268, and in Sotl Corrosion Studies, Re- 
search Paper No. 95. These papers are 
available at the Government Printing 
Office, from the Superintendent of Docu- 
ments, Washington, D.C. 


NEWS OF ENGINEERS 
From Correspondence and Society Files 


CLARENCE RAWHOUSER has accepted a 
position with the U.S. Bureau of Reclama- 
tion at Denver, Colo. 

O. H. Kocn has been appointed Di- 
rector of Public Works at Dallas, Tex. 
He was formerly a member of the engi- 
neering firm of Koch and Fowler 

ARTHUR E. GORMAN, until recently 
Western Sales Manager of the Pardee 
Engineering Company, became Filtration 
Engineer of Chicago on July 1. 

W. W. Horner, Chief Engineer, 
Sewers and Paving, St. Louis, Mo., has 
been engaged by Dallas, Tex., to make 
plans for outlet sewers on Mill Creek and 
Dallas Branch and to draw up a general 
drainage plan for the city. 

Harry C. McCiure has accepted an 
appointment as member of the Michigan 
State Public Utilities Commission. He 
was City Engineer of Flint, Mich 

E. N. VIDAL, previously Senior Engineer 
Draftsman at the U.S. Bureau of Recla 
mation, Denver, Colo., has recently be- 
come Associate Engineer. 

CHARLES A. BIsSELL, who was Chief of 
the Engineering Division, Bureau of Recla- 
mation, U.S. Department of the In- 
terior at Washington, is now Engineer of 
the Metropolitan Water District in Los 
Angeles. 

EUGENE KELLER, Jr., until recently 
District Manager of the Philip Carey 
Company at Memphis, Tenn., has been 
appointed a Regional Manager of the 
Armco Culvert Manufacturers Association 
at Middletown, Ohio. 

WitiiaM J. GLUCKERT, JR., is with the 
Standard Oil Company of Venezuela in 
Trinidad. He was previously Chief 
Draftsman for the Creole Petroleum Cor- 
poration in Maracaibo, Venezuela. 


ArtTHuR J. Boase, who has been a 
Professor of Civil Engineering at the 
Pennsylvania Military College, is now 
Regional Structural Engineer for the 
Portland Cement Association in Phila- 
delphia 
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Lyte M. Entrekin has accepted a 
position as Engineer with the Steelton 
Works, McClintic-Marshall Corporation, 
at Steelton, Pa. He was formerly As 
sistant Engineer of the Bethlehem Steel 
Company 

C. G. ARRIAGADA is now Consulting 
Engineer in Vallenar, Chile. Previous to 
this, he was Resident Engineer for Barriga, 
Wachholtz and Allesandri Cia, Ltda., at 
Santiago, Chile 

A. W. Routwinec, formerly connected 
with the Portland Cement Association 
of Ohio, as Field Engineer, is now special 
representative of the Bessemer Cement 
Corporation at Buffalo, N.Y 

Wittram M. Rostnson, Jr., Civil and 
Valuation Engineer, has left Augusta, 
Ga., where he has had engineering offices 
and has accepted an appointment, by 
the Secretary of the Interior, to be first 
Superintendent of Colonial National 
Monument, Yorktown, Va. 

Georce E. Oxtver is at present with 
Pregenzer and Sons Company at Harris- 
burg, Ill. He was, previous to this, asso- 
ciated with the James Anderson Company, 
Inc., as Construction Engineer, 

Grorce H. GuerprumM, a former Office 
Engineer at Randolph Field, San Antonio, 
Tex., has been appointed Superintendent 
of Construction at the U.S. Army Base 
in Boston. 

A. W. GaLBrReatu has opened consult 
ing engineering offices in St. Louis, Mo 
Previously, he was Valuation Engineer of 
the Missouri, Kansas and Texas Lines with 
headquarters in that city 

E. H. Bruntietr has become Con- 
struction Engineer and Superintendent of 
the United Building Stone Company at 
Minneapolis, Minn 

Lronet C. Tscuupy, formerly Appraisal 
Engineer for Spooner and Merrill, Inc., at 
Chicago, is now affiliated with the Emery 
Peck and Rockwood Development Com- 
pany at Austin, Tex. 

BERNHARD ALEXANDER Civil 
and Hydraulic Engineer in Melbourne, 
Victoria, has with D. B. Smith opened 
offices for the practice of consulting engi- 
neering in Melbourne 

Davip S. GenpeLL, JR., has been ap- 
pointed General Manager of Erection of 
the McClintic-Marshall Corporation at 
Bethlehem, Pa. He was previously Erec- 
tion Manager of the New York District 
of that company 

H. Baker, Jr., heretofore 
Structural Engineer of the Bridge Division 
of Los Angeles County, is now President 
and General Manager of the Progressive 
Signal and Lighting Company, Ltd., of 
Los Angeles 

S. W. Bennam, who was in the Research 
and Development Department of the 
Johns-Manville Corporation, has been 
appointed Assistant Engineer on the staff 
of the American Standards Association. 

FRANKLIN THOMAS, Director of the 
Metropolitan Water District of Southern 
California, has been appointed by Los 
Angeles County to check flood control 
plans for the Big Tujunga Canyon. 
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Joun A. Stcspee has opened offices in 
Tulsa, Okla., as Consulting Petroleum En- 
gineer. He was Director of Petroleum 
Engineering and Geology, and Vice-Presi- 
dent and Director of the Producers’ 
Royalty Corporation in the same city. 

DuGa.p C. Jackson, Professor of Elec- 
tric Power Production and Distribution, 
and Head of the Department of Electri- 
cal Engineering at the Massachusetts 
Institute of Technology, was awarded the 
Lamme Medal of the Society for the Pro- 
motion of Engineering Education, for 
the year’s outstanding accomplishment in 
engineering teaching 

Wayne A. Perkins, who has been 
Hydraulic Engineer at the office of the 
State Engineer, Sacramento, Calif., has 
recently been appointed Engineer of 
Dams. 

H. H. Essevstyn, Civil and Structural 
Engineer, has opened an office in Detroit, 
where he will carry on a general consult- 
ing business in the engineering profession. 

Joun W. MANGAN, previously Asso- 
ciate Hydraulic Engineer of the U-S. 
Geological Survey at Washington, D.C., 
is now District Engineer of the U-S. 
Geological Survey at Harrisburg, Pa. 

B. Durry, Assistant Superin- 
tendent of the J. W. Bishop Company, 
Worcester, Mass., has been appointed 
Superintendent of Public Works of the 
Town of North Andover. 

Cuaries F. Purr, Jr., Engineer and 
Constructor, Suburban Land Develop- 
ment and Municipal Advisor, at Jenkin- 
town, Pa., has formed a company of his 
own, Charles F. Puff, Jr., and Staff, at 
Hillcrest, Pa. 

G. S. Rovenart, formerly connected 
with H. P. Staats in Kent, Conn., is with 
R. W. Hebard and Company in New 
York City. 

Emit C. Hernricu, at one time an engi- 
neer for the Elgin, Joliet, and Eastern 
Railway of Illinois, has accepted a posi- 
tion as Engineer with the Forest Pre- 
serve District of Cook County. 

J. L. Srarxre has been transferred 
from the position of Division Engineer 
of the Gulf, Colorado, and Santa Fe 
Railway Company at Temple, Tex., to 
Office Engineer of the same company 
at Galveston. 

Rosert J. Pavutetre, formerly City 
Engineer in Salina, Kans., is now a Con- 
sulting Engineer in that city. 

MorrovuGcu P. O’Brien has been pro- 
moted from Assistant Professor to Asso- 
ciate Professor of Mechanical Engineer- 
ing, at the University of California in 
Berkeley. 

Joun E. Sxarre is Designing Engineer 
of the Los Angeles County Flood Control 
District 

J. P. H. Perry, Vice-President, Turner 
Construction Company, with headquarters 
in Chicago, has recently removed his office 
to New York where he will continue in 
charge of estimates, contracts, and ad- 
vertising for his company. 

Freperic Bass and A. S. MILINOWSKI 
have been appointed to the Minnesota 
State Board of Health. 


eet wa few 


Vou 1, Now 


Roy W. Carson, Testing Engineer, 
Los Angeles County Flood Control Dis- 
trict, has been selected by the U-S. 
Bureau of Reclamation to conduct at 
the University of California, as Research 
Engineer, studies on concrete problems 
in connection with the construction of 
Hoover Dam. 

Harry D. CHAPMAN is now City Engi 
neer at El Cerrito, Calif. 

Francis J. O'Hara has resigned as 
Assistant Chief Engineer of the Salt River 
Valley Water Users Association of Phoe- 
nix, Ariz., to establish a consulting office 
in San Francisco. 

M. Srrn, Assistant Bridge 
Engineer of the Wabash Railway, has 
been appointed Bridge Engineer of this 
line 

W. W. Lane, recently State Engineer 
of Arizona, has been appointed General 
Manager and District Engineer of the 
reorganized Beardsley Irrigation Project, 
Maricopa County Water Conservation 
District No. 1. 

James H. Wirey has been promoted 
to the position of Chief Engineer, Board 
of Railroad Commissioners of North Da- 
kota, to fill the vacancy caused by the 
resignation of Earle H. Morris. Mr 
Wiley was formerly Assistant Chief Engi- 
neer. 

EARLE H. Morris, formerly Chief Engi- 
neer, Board of Railroad Commissioners of 
North Dakota, has been appointed Chief 
Engineer of the Public Service Com- 
mission of West Virginia. 

Osstan E. Carr left the position of 
City Manager at Fort Worth, Tex., to 
accept a similar position in Oakland, 
Calif. 

SAMUEL F. NEWKIRK, JR., is now Super- 
intendent and Engineer of the Board of 
Water Commissioners of Elizabeth, N_J 
He was formerly Superintendent and Engi- 
neer for the Elizabethtown Water Com- 
pany Consolidated 

Ropert M. JouHNSON has been pro- 
moted from Junior to Assistant Engineer, 
U.S. Engineer Office, Savannah, Ga 

A. D. WrLper, who was connected 
with the Santa Cruz Company in Cali 
fornia, has accepted a position with the 
Kohala Pineapple Company at Mahu- 
kona, Hawaii. 

EpMonp F. Luppen, Counselor at Law, 
has opened offices at 521 Fifth Avenue, 
New York City. 

WiiuraM D. Ayers, formerly Civil Engi 
neer and Surveyor of the Halsey and 
Ayers Company at Asbury Park, NJ. 
is at present Manager of the Islip office 
of Wallace H. Halsey, C.E., Inc. 

EpwIn L. Scrvuces has left Tucker and 
Laxton Inc., of Charlotte, N.C., and 
now an Engineer with the Harrison 
Wright Company of that city. 

MAXWELL M. Upson, Vice-President 
and General Manager of the Raymonc 
Concrete Pile Company of New York, 
was the recipient of the honorary degree 
of Doctor of Engineering conferred | 
the University of North Dakota at th 
June commencement exercises. 


I 

B 
Be 
Br 
I 

LAI 
4 

Cay 
LHA 
La 
Sh 
LOO 


Changes in Membership Grades 


Additions, Transfers, Reinstatements, Deaths, and Resignations 


From June 7 to July 9, 1951 


ADDITIONS TO MEMBERSHIP 


ws, Herpert (Jun. 2225 
rant Boulevard, Syracuse, N.Y. 

«ins, ARCHIBALD (Jun. '31), Junior 
er.. Bureau of Reclamation, Denver, Colo. 
~. Harotp Joserm (Assoc. M. °'31), with 
S. Enegr.’s Office (Res., 3822 Clairmount 

Detroit, Mich. 

person, ARCHTBALD Lamon (M. ‘31), Senior 

iv. Engr., Constr. Div., War Dept., Office of 

juartermaster Gen., Washington, D.C. (Res., 

Falls Church, Va.). 

<person, CARLTON (Assoc. M. °31), 

Care, San. Sewer Dept., City of Dallas, City 

Hall, Dallas, Tex. 

\emsTRONG, ANDREW Scotr (M. ‘31), with 
Bates & Rogers Constr. Co. (Res., 1605 Chase 
Ave.), Chicago, Ill. 

\eMsSTRONG, WALLACE Epcar (Assoc. M. '31), 
Office Engr., U.S. Geological Survey, Terri- 
torial Office Bidg., Honolulu, Hawaii. 


Baxer, CHARLES VERNON (M. '31), State Constr. 
Ener. and Asst. State Highway Engr., State 
Highway Comm., 525 Edgewood Drive, Baton 
Rouge, La. 

Bertrveau, Paut Ricwarp Movssgau (Jun. 
31 with U.P.R.R., Constr. Dept., Los 
Angeles (Res., 1185 East 9th St., Long Beach), 
Calif 

Brier, Georce Cuirnton (Jun. °30), Asst. Field 
Engr., A. J. Glaser, 610 South Jefferson St. 
Res., 525 South Madison St.), Muncie, Ind. 

Boupen, Victor Leo (Jun. '30), 1516 Third 
\ve., Beaver Falls, Pa. 

Brown, Davin Tucker (M. '30), Senior Highway 
Engr., U.S. Bureau of Public Roads, Box 

135, Balboa, Canal Zone. 

Brown, Witpur (M. '31), Engr., M. 
of W., Florida East Coast Ry. (Res., 113 King 
*.), St. Augustine, Fla. 

Beitarp, Dexter (Jun. '31), Kew Hall, Kew 
vardens, N.Y. 

Pecos (Assoc. M. Engr., 
The Associated Gen, Contrs. of America, 
Inc., Los Angeles (Res., 366 West Elk Ave., 
Glendale), Calif. 

Camppett, Henry Bayne (Assoc. M. ‘31), 
Asst. Civ. Engr., Interstate Commerce 
Comm,, 1269 Ashland Ave., St. Paul, Minn. 


Cavan, Caartes Tuomas (M, '31), Mgr., Com- 
ania Telefonica de Barranquilla, Apartado 
Barranquilla, Colombia. 

CHARLTON, JoHN FeLpeR (Assoc. June °31), 
Civ. Engr., Charlton & Davis, Box 2086, Fort 
Lauderdale, Fla. 

CorrMan, Seymour FRANKLIN, Jr. (Jun. ‘31), 
Care, Bureau of Public Roads, 807 Mark 
Sheldon Bidg., San Francisco, Calif. 


Cook, Howarp Lee (Jun. '31), Asst. Engr., 
Robert E. Horton, Box 298, Voorheesville, N.Y. 


Cox, Currrorp Bucpes (Jun. '31), Care, San. 
I of Chicago, 910 South Michigan Ave., 
ago, Ill 
‘ Joun Josern (Jun. '31), 549 Isham St., 
New York, N_Y. 
keR, Srupson (M. '31), City Engr., 
Hall, Brockton, Mass. 
ROOKER, HaRotp Maynarp (Assoc. M. °31), 
State Div. of Water Resources, 530 
n Ave., Fresno, Calif. 
Ropert Mayuew (Jun. ‘31), Transit- 
P.R.R., 137 West 12th St., New York, 


M, Currorp Goprrep (Jun. ‘31), 
mentman and Insp., Springfield Water 
ks Dept., Cobble Mt. Camp, Westfield, 


Harry Otro, Jr. (Jun. °30), 229 
ll Ave., San Antonio, Tex. 


D, Marcet Francis (Jun. °31), 51 
Beckenhofstrasse, Zurich, Switzerland. 


Fox, Freperick Cart, Jr. (Jun. ‘31), Asst. 
Engr., State Dept. of Public Works (Res 
287 Mill St.), Poughkeepsie, N.Y 


Garrecut, Kennetu Esmonp (Jun. '31), Box 99, 
Freeville, N.Y. 


Gercer, Cuartes Jewett (Assoc. M. ‘31), 
Constr. Engr., Pittsburgh-Des Moines Stee! Co. 
(Res., 3505 Meadowcroft Ave., South Hills, 
Mt. Lebanon), Pittsburgh, Pa. 


Gotpman, Oscar G. (Assoc. M. ‘'31), Asst. 
Supt., City Distrib. Dept., Spring Valley Water 
Co., 425 Mason St., Room 707, San Francisco, 
Calif. 

Goopricn, Epwin Atrrep (Assoc. M. ‘31), 
Instr., Civ. Eng., Lafayette Coll. (Res., 617 
Pardee St.), Easton, Pa. 


Govutp, Maurice Avoustus (Assoc. M. ‘31), 
Bridge Designer, State Dept. of Highways, 
Bridge Dept. (Res., 426 East 17th Ave.), 
Olympia, Wash. 

Greentee, Davip (Assoc. M. ‘31), 
Structural Engr., Dept. of Bidg. and Safety, 
City Hall (Res., 512 South Hobart Boulevard), 
Los Angeles, Calif. 


Greey, Epwarp (Assoc. M. ‘31), 
Engr. and Quantity Surv., Mathews Constr. 
Co., Inc. (Res., Ridgeview Rd.), Princeton, 
N.J 

Gutttotr, Atpert Henry (M. ‘31), Engr., New 
Orleans Public Service, Inc. (Res., 1423 
Adams St.), New Orleans, La. 


Harn, E_mer Lamont (M. '31), Technical and 
Administrative Asst. to Chf. Topographic 
Engr., U.S. Geological Survey (Res., 742 Rock 
Creek Church Rd., N.W.), Washington, D.C. 


Haut, Oscar INGALLS, Jr. (Jun. '31), with Puget 
Sound Bridge & Dredging Co., 1013 Board of 
Trade Bidg., Portland, Ore 


Hammonp, Francis (Jun. '31), 36 Per- 
kins Hall, Cambridge, Mass. 


Newton LeRoy (M. ‘°31), Div. 
Engr., Met. Dist. Water Supply Comm, 
Ware Rd., Enfield, Mass. 


Hart, Jonn Paut (M. °'31), Pres., The Hart 
Constr. Co., Inc. (Res., 3618 North Mason 
St.), Tacoma, Wash. 

Hausmann, Avucust Lupwic (Assoc. M. ‘31), 
Designer and Checker, The Am. Gas & Elec. 
Co., 30 Church St. (Res., 54 West 89th St.), 
New York, N.Y. 


Heap, Georce Apert (Assoc. M. °31), Struc- 
tural Engr., Div. of Bridges and Structures 
and Div. of San. Sewer Design, Bureau of 
Eng., Los Angeles (Res., 1952 Fairburn Ave., 
West Los Angeles), Calif. 


Hitcncock, Empury Mortimore (Jun. ‘31), 
Care, Seaboard By-Product Coke Co., Kearny, 
N.J. 

Hucnues, Parker (M. ‘31), City and 
County Engr., Water and Street Supt., in 
Chg. of Public Works, City Hall, Lewiston, 
Idaho. 

Jonges, Barton Mills (M. '31), Head, Eng. 
Dept., Antioch Coll. (Res., 150 East Lime- 
stone St.), Yellow Springs, Ohio. 


Key, Crype Crcet (Assoc. M. '31), Dist. Supt., 
North Eastern Constr. Co. (Res., 2037 Guil- 
ford Ave.), Baltimore, Md. 


Kino, Smas Earte (Assoc. M. '31), Steel De- 
signer and Res. Engr., Hercules Powder Co., 
Inc., Wilmington, Del. 

LANDON, Ransom Dvurett (Jun. °31), Asst. 
Prof., School of Eng., Southern Methodist 
Univ., Box 180, Southern Methodist Univ., 
Dallas, Tex. 

LeCount, Howarp Pierre (Assoc. M. ‘31), 
Asst. Engr., New England Power Constr. Co., 
89 Broad St., Boston (Res., 14 Quincy St., 
Wollaston), Mass. 

Luey, Gorpon Artruur (Jun. Eng. Drafts- 
man, U.S. Forest Service, San Francisco (Res., 
2401 Bowditch St., Berkeley), Calif. 
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Ropert Tuomas (Assoc. M. ‘31), 
Asst. Chf. Engr., The Lake Worth Drainage 
Dist., 406 Guaranty Bidg., West Paim Beach, 
Fla 

Freperick Warts, Jr. (Jun. 31), Drafts 
man, Eng. Dept., Truxillo R.R., Puerto Cas- 
tilla, Honduras. 

MacCussin, Emmett Cuase (Jun. 31), Drafts- 
man, J. E. Greiner Co., 1201 St. Paul St., 
Baltimore, Md 

McLeop, Nem Ropericx (Jun. 216 In- 
wood Ave., Upper Montclair, N.J 

Maciit, RicHarp Vivian (Jun. '30), 338 Forest 
Ave., N.E., Atlanta, Ga 

Marer, Eowarp Leonarp (Assoc. M. '30), 2206 
Minnesota Ave., S.E., Washington, D.C. 

Merer, Jupson Marsu (Jun. '31), Recorder and 
Junior Engr., U.S. Geological Survey, Box 1311, 
Tucson, Ariz 

Mires, Jonn (Assoc. M. ‘31), City 
Engr. and Chemist (Res., 516 North West 5th 
St.), Mineral Wells, Tex 

Jutrus Louis (Jun. '30), 600 Third St., 
Ambridge, Pa. 

Mircuett, Apotrpnus (Jun. 500 College 
St., Kinston, N.C 

Mostey, Gorpon Simpkins, Jr. (Jun 30), 
2230 Herschel! St., Jacksonville, Fla 

Morrison, Max (Jun. ‘30), 625 East 
Ward St., Urbana, Ohio. 

Goprrey Lyon (Jun. °'31), Junior 
Hydr. Engr., U.S. Geological Survey, Room 
202, Old State Capitol, St. Paul, Minn. 

Owen, Tuomas WaALker (M. °'31), City Engr. 
(Res., 804 South Oak St.), Port Angeles, Wash. 

Panvuzi0, Frank Louis (Jun. '31), 514 East Buffalo 
St., Ithaca, N.Y. 

Penson, Freperick Howarp (Assoc. M. ‘'31), 
Research Engr., Simon & Simon (Res., 3412 
Spring Garden St.), Philadelphia, Pa 

Perkins, (Jun. ‘31), Instrumentman, 
Los Angeles County San. Dist., 1263 Cypress 
St., Lomita, Calif. 

PHOENIX, Zeno (Assoc. M. '31), 451 Grand Ave., 
Long Island City, N.Y. 

Ponco, Jacinto Samonte (Jun. '30), Asst. Civ. 
Engr., Div. of Architecture, Bureau of Public 
Works, Manila, Philippine Islands. 

Purinton, WALTER (Jun. '30), 53 Prince 
St., Jamaica Plain, Boston, Mass. 

Rag, MAXwett Ivan (Jun. °'31), with State 
Dept. of Public Works, (Res., 1470 Fulton St.), 
San Francisco, Calif. 

Rensnaw, Craups Artruur (M. '31), City Mgr. 
City Hall, Miami Beach, Fla. 

RicuHarpson, Harotp Warp (Assoc. M. ‘30), 
Asst. Editor, Engineering News-Record, 10th 
Ave. at 36th St., New York, N.Y. 

Roperts, Kenneta (Assoc. M. °31), 
Designing Engr., Hamilton Bridge Co. (Res., 
78 West Ave., South), Hamilton, Ont., Canada. 

Georcs Anprew (M. '31), with H. G. 
Balcom, New York (Res., 3533 Eightieth St.,. 
Jackson Heights), N.Y 

Sato, Maxorto (Jun. '31), Asst. Engr.. Dept. of 
Interior, Govt. Gen. of Korea, Seou!, Korea 

Harvey ANDREW Epwin (Jun. ‘30), 
Architectural Draftsman, with Supt. of Bidgs. 
and Grounds, Univ. of Chicago (Res., 5234 
Kenwood Ave.), Chicago, II! 

Scuor1ecp, Joun Tuomas (Jun. '30), Box 434, 
Bound Brook, N.J 

Scott, Donatp Cozine (Assoc. M. 31), Cons, 
Engr. (Scott Eng. Co.), 606 Ellis Bldg, Phoe- 
nix, Ariz 

Simpson, Georce Payton (Assoc. M. ‘31), 
Engr., Harris County Nav. Dist., Care, Port 
Comm., 5th Floor, Court House, Houston, 
Tex. 

Smiru, Paut Avpert (Assoc. M. '31), Chf. of 
Party, U.S. Coast & Geodetic Survey, Wash- 
ington, D.C. 
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ONDAG, Georce Wasni~oton (Assoc M 31 
Service Engr California Corrugated Culvert 
Co., West Berkeley (Res., 2751 Twenty-sixth 
Ave., Oakland), Calif 

Acrrep (Assoc, M. '31), Director 

Taxpayers’ Assoc, 


Stone, Haroun 
of Research Cahfornia 
715 Subway Terminal Bidg Los Angeles 
Calif 

(Jun. ‘Jl Transitman with 
Essex County Engr. (Res., 226 South 6th St 
Newark, N.] 

Tayvior, (Jun, ‘3! 

Swarthmore, Pa 


530 River 
view Rd 

Tureopeau, Georoce Freperick (Assoc. M. ‘31) 
Pre Hagan-Thibodeau Constr. Co Inc., 
45 Waterman Ave., Eden Park, R I 

Tuomprson, Peacy Eowarp (Jun, ‘31 with 
Bridge Div., Los Angeles County Road Dept 
Los Angele Re 625 North Vista St., Holly 
wood Calif 

Turner, James Henry (Assoc. M Asst 
Kngr City of San Francisco (Res 2200 
Seventeenth Ave San Francisco Calif 

Van Howren, Roserr WALLACE Jun 31 
Instr.. Newark Coll. of Eng Newark (Res 
20 Brookside Terrace, Milburn), N.J 

Waites, Cuartes Devenrorr, |r Assoc. M 
31), Chi Bide. Dept., City of Long Beach 
Res., 214 Santa Fe Ave.), Long Beach, Calif 

Wesrcort, Frank Tourre (Assoc. M. ‘31), 
rea Munroe & Westcott, Inc. (Res., 95 High 
St North Attleboro, Mass 

Wittiams, Lewrs Danier, Jr. (M.'31), Mer. and 
Engr Port of Willapa Harbor (Res., 04 
Twelfth St.), Raymond, Wash 


Woop 
Hubbell Ave., 


JR Jun. “30), 329 
Syracuse, N.Y 


MEMBERSHIP TRANSFERS 


Apoten JOHN Jun 26 Assoc 
Aluminum Co. of 
Pittsburgh, Pa 


ACKERMAN 
M. ‘31), with Hydr. Dept 
America, 2400 Oliver Bidg 

Bunn, Kino (Assoc. M. "25; M. ‘31), 
Care, The Missouri Valley Bridge & Iron Co., 
Leavenworth, Kans 

CasTLeMAN, Francis Lee, Jr. (Jun. 26; Assox 
M. ‘31), with Am. Bridge Co., 1712 Widener 
Bidg. (Res., 12 East Rochelle Ave.), Phila 
delphia, Pa 

Curcps, Warren (Assoc. M. '26; M. ‘31), 
Deputy Commr State Highway Dept 
Patriot Bidg., Concord, N.H, 

Ce oven, Artuun Were (Jun. ‘24; Assoc. M 
30), Civ. Engr., Tennessee Elec. Power Co., 
Chattanooga (Res., Rainbow Circle, North 
Chattanooga), Tenn 
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Nerr (Assoc. M 29 
Prof., Civ. Eng., Newark Coll 
30 Lioyd PI, Belle- 


CuMMINGS 
M. June ‘31 
of Eng., Newark (Res., 
ville), NJ 

Date, Frepeerck AmMerMaAN (Assoc. M. ‘22; 
M. June ‘31), Mer., Emery, Peck & Rockwood 
Development Co., 605 Norwood Bidg., Austin, 
Tex 

Funk, Nomman Wit (Assoc. M. ‘17; M. ‘31), 
Dist. Sales Mer., Kansas City Structural Steel 
Co., 410 Tramway Bidg., Denver, Colo. 


Ray Kuinospury (Assoc. M. ‘14; 
M. ‘31), Cons. Engr. (Holland, Ackerman & 
Holland), 106 East Liberty St., Ann Arbor 
Mich 

Linc, Hunec Hsuw (Jun. "18; Assoc. M. ‘22; 
M. '31), Director, Bureau of Constr., Lunghai 
Ry, Chengchow, Honan, China. 

Mixuriva, Taparumi (Jun. "26; Assoc. M. '31), 
404-B Forty-third and Chester Aves., Phila 
delphia, Pa 

Morton, Ropert (Assoc. M. ‘12; 
M. ‘31 Vice-Pres., Am. Bitumuls Co, (Res 
3 Twelfth Ave.), San Francisco, Calif 

Newer, Ropert J. (Assoc. M. ‘10; M. °31), 
Care, U.S. Bureau of Reclamation, Ronald, 
Wash 

Pottarp, Atsert Harrison (Jun, ‘23; Assoc 
M. ‘30), Asst. Engr., Materials and Tests Div., 
State Highway Dept. (Res., 4212 Ave. D), 
Austin, Tex. 

SANTACRUZ, ARMANDO, JR. Jun. "24; Assoc 
M. °'31), Cons. Engr. and Technical Adviser, 
International Water Comm., Box 14, El Paso, 
Tex 

Saurt, Leon Herpert (Assoc. M ‘20; M. ‘31) 
Gen. Contr., 551 Gilfillan Bldg., St. Paul, 
Minn 


MEMBERSHIP AS OF 
JULY 9, 1931 


TOTAL 


5,874 
6,331 


Members 
Associate Members 


Corporate Members. 12,205 


Honorary Members 15 
Juniors 2,718 
Affiliates 154 
Fellows 6 


Total 15,078 
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Scuwarze, Cart Tueopore (Assoc. M. 
M. °31), Associate Prof., Civ. Eng., New Yor 
Univ., University Heights, New York, N.Y 

Josern (Jun. "29; Assoc. M. '31), Ch 
Eng... W. A. Bechtel Co., 155 Samsome 
San Francisco, Calif 

Urrt1, Georce Isaac (Jun. "28; Assoc. M. 
Bridge Designer, C. RI. & P.R.R. (Re 
5500 North Neenah Ave.), Chicago, IIL. 

Wirtcox, Giutpert Lawrence (Jun. ‘23; Ass: 
M., Feb. °31), Engr., United Engrs. & Constr: 
tors, Inc., 122 North Broad St., Philadelphia 
(Res., 38 North Lansdowne Ave., Lansdown 
Pa 

RESIGNATIONS 

Beam, Henry JORDAN, Assoc. M., resigned Ju 
‘31 

JAMes FPLInNTHAM, M., resigned Ju 

DEATHS 

Bar_ey, Atpert Ross. Elected Assoc. M., 
2, 1913; died June 29, 1931 

CLayTon, Ropert Morris. Elected M., Mar 4 
1896; died July 4, 1931 

Concer, Atcer Apams. Elected Assoc. M 
Oct. 1, 1902; M., Mar. 12, 1918; died May 26 
1931. 

Heron, EvGens CHRISTOPHER 
Nov. 9, 1920; died May 23, 1931. 

Elected M., Sept. 7 


Elected M 


Howe, Epwarp WILLARD 
1887; died June 27, 1931. 


Dersy CORNELIUS 
died June 9, 1931 
Elected M., Feb. 2 


Mackey, JOHN Elected 
M., Aug. 28, 1922; 

Mureuy, Danrer WILLIAM. 
1909; died May 15, 1931 

PAINTER, PENNELL CHURCHMAN. Elected Assoc 
M. Mar. 12, 1918; M., Oct. 15. 1923; died 
June 18 1931. 

Rem, Homer Austin. Elected Assoc M 
Dec. 4 1901; died June 9, 1931. 

SaunpersS, WILLIAM LAWRENCE. 
Nov. 3, 1886; died June 25, 1931 

Skinner, Orviitte Camppett. Elected M 
Aug. 31, 1915; died May 18, 1931. 

STRATHMANN, Epwarp CHaries. Elected As 
soc. M., Nov. 8, 1909; died May 25, 193! 

Srronec Cariton. Elected M., Jan. 4, 1910 
died June 25, 1931. 

Swain, Georce Elected Affiliate 
Sept. 5, 1883; M., Mar. 2, 1892; Hon. M 
Oct. 7, 1929; died July 1, 1931. 

Lewis. Elected Assoc. M., De 
15, 1924; M., July 8, 1929; date of death 
unknown. 


Elected M 


Men and Positions Available 


These items are from information furnished by the Engineering Societies Employment Service with o, 
The Service is available to all members of the contributing societies. 


San Francisco. 


and the fees is to be found on page 97 of the 1931 Year Book of the Society. 


number, Engineering Societies Employment Service, 31 West 39th Street, New York, N.Y. 


Men Available 


STRUCTURAL ENGINEER Assoc. M. Am. Sax 
married 7 years varied practica 
estimating, de 


‘4 
experience 
signing, and checking oi] refinery, commercial, in 


detailing, drafting 


dustrial, education and office buildings i 
years as civil engineer with public utility orgam 
zation, on indoor and outdoor substations, power- 
house transmission line and buildings Engi 
neering work preferred sales work considered 
C.0070 


CONSTRUCTION EN INEER PERINTENDENT 
A ine and grade 


materia or any pervisory position in con 


surveyor on 


truction of road bridges of both concrete and 
apartment house chools, founda 


Satisfactory 


stee hote! 
tron and concrete tructures 
Salary dependent on proved ability 
Will locate anywhere 


C-0400 


reference 
and character of position 


Available immediately 


STRUCTURAL AND HypRAULIC ENGINEER; 
Assoc. M. Am. Soc. C_.E.; 32; married; graduate, 
Worcester Polytechnic Institute; 10 years 
experience on investigation, design, and layout 
of hydro-electric projects, and design of hydraulic 
structures and equipment, bridges, buildings 
steam power stations, and gas plant structures 
desired location im 


Permanent position 


material C-0424 

SrrevcrurRaAL Enoineer; Assoc. M. Am. Soc 
C.E 42 married technical graduate; 15 
years experience, including chief draftsman of 
important railroad and structural engineer of 
small fabricating plant. C-9405 


AND SrrucTuRAL ENGINEER M. Am 
Sec. 48, married; graduate, University 
of Wisconsin 26 years railroad experience 
covering general office executive work as well as 
design, construction, and maintenance of bridges, 
reinforced concrete, car 


buildings wharves 


es in Chicago, New York, and 


A complete statement of the procedure. the location of offices, 
Unless otherwise noted, replies should be addressed to the key 


ferry barges, terminal facilities, and facilities 
handling inflammable oils. Pacific Coast 
ferred. C-7882 


Civic EnGineer; Assoc. M. Am, Sox 
30; married; graduate; 4 years experienc 
railroad construction, maintenance of lar 
Eastern trunk line, and valuation work; 
varied experience on  flood-control pr 
including field surveys, hydraulic investigat 
and computations, railroad relocation, ce 
estimates, and preparation of contract draw 
Available immediately Location immater 
C-4993 


ENGINEER Jun. Am. Soc Cl 


4 years exper 


single graduate, 1928; 
topography, location, general surveying 
concrete and timber structures, outsice 
vising, hydraulic design, and checking of 
and estimates Capacity to assume r 
bility Connection with engineering 
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“the playground 
the world” 


“We are using deLavaud pipe 


exclusively in all obtainable sizes” 


“About 7 years ago we started using cast 
iron pipe made by the deLavaud centrifu- 
gal process. This pipe proved so satisfactory 
that we are using it exclusively in all ob- 
tainable sizes.” Thus writes Mr. L. Van 
Gilder, Engineer and Superintendent of 
the water department of Atlantic City,N.J. 


Other cities in all parts of the country 
are aware of the efficiency and economy 


DeLavaud Pipe is produced by pour- 
ing molten iron into a rapidly revolving 
cylindrical mold. Centrifugal force holds 
the iron against the sides and drives out 
air bubbles and impurities with a force 
many times greater than gravity. 


DeLavaud Pipe is light in weight, 
easy to handle and easy to cut and tap. 
At the same time, tests have proved 


of deLavaud pipe. Springfield, Mass., that it is at least 25° stronger than 
Detroit, Michigan; Ft. Worth, Texas have _—_ good pit cast pipe. The deLavaud hand- 
purchased many miles of deLavaud Pipe book gives detailed specifications. Write 
for underground mains. for free copy today. 


United States Pipe 
and Foundry Co., Burlington, N_J. 


Sales Offices: Philadelphia Cleveland Minneapolis San Francisco 
New York Pittsburgh Los Angeles 


trademark of The Cast Iron Dallas 
Buffalo Pipe Research Association Birmingl Seattle 


Chicago Kansas City 


ind 
bey 
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tracting organization desired Available im- 


mediately c-9423 


Grapuate Law Srupenrt; 


jun. Am. Soc. CE 25 married desires 
position as sales engineer, college instructor, or 
with leading engineering or law firm 4 years 


verted experience in design and construction of 
heavy foundations, steel erection, in general 
construction large steel company, and as leading 
consultant on public works improvements and 


investigations Location and salary open 


C-9481 

AssisTaANT Civit, ENGINEER preferably in 
building construction or design and construction; 
recent graduate, B.S. degree in C.E approxi 


mately 13 months actual practical experience 
position with the right men and a start on the 
right road desired. C-7454 . 


GRADUATE Jun. Am. Soc. C.E.; 
24; married, B.S. in civil engineering; experience 
in design and inspection of reinforced concrete 
and steel structures and surveying work C-9479 


Srrevucrurat Sreet DerarLer AND CHECKER; 
jun. Am. Soe C_E_; 20; graduate, Rensselaer Poly- 
technic Institute 4 years experience on all 
classes of stee! structures, including mills, office 
buildings, and bridges, also, 18 months experience 
in railway maintenance of way Location, 


immaterial C-0493 


Grapvuare Crvi. Encinesr; Assoc. M. Am 
Soe. Cl licensed engineer, New York 30 
years experience municipal water supply: opera 
tion construction maintenance extensions, 
meterage, and watershed reforestation, references, 
available August | C-9508 


Grapvuate Encineer; Assoc M. Am 
Soc. C.E S years experience in highway and 
municipal engineering; 2 years successful teach 
ing; connection desired, preferably as instructor 
in surveying and highway engineering or with 
chamber of commerce in charge of highway in- 
formation Wide acquaintance with highway 
departments and practical experience in routing 
auto traffic 


Grapvate Crvm Enocrneer; Jun. Am. Soc 
C.E 25; married; 6 months railroad location 
and construction; 3 years experience with large 
company in detailing and design of details for 
steel structures; permanent position with con- 
tracting or consulting engineer desired; also 
interested in sales encineering West or Middle 
West preferred Reasonable salary. C-9409 


Grapuate Encrneer; Jun. Am. Soc 
C.E 26; graduate, Massachusetts Institute 
of Technology 4 years experience in detailing 
and designing steel and concrete for building and 
hydro-plants hydraulic laboratory experience 
building testing model hydraulic structure 
and river models, and calibrating fluid meters 
Available immediately for field or office. Lo- 
cation, preferably in the East. C-9494 


Construction anp Srructurat ENGINEER; 
M. Am. See. C.EB.; 45; registered, Pennsyl- 
vania: C.E. degree, Cornell; married; 20 years 
varied experience in design, construction, and 
maintenance of brides and structures, in grading, 
paving, sewers, and public works in charge of 
design and construction of large bridge work; 
bridge maintenance engineer public works 
responsible position with construction company, 
consulting engineer, or public works department 
desired C-9523 


CONSTRUCTION SUPERINTENDENT, ENGINEER; 
Assoc. M. Am. Soc. C.E 39 married; 18 
years construction experience on factory and 
office buildings, steel mills, gas plants, track 
work, hydro- and steam plants, and storm and 
sanitary sewers. Available at once Excellent 
references Location immaterial. C-9526 


ENGINEER M. Am. Soc. C.E married 
graduate, Worcester Polytechnic Institute; pro 
fessional engineering license, New York 30 
years experience with structural steel, reinforced 
concrete, and industrial plants in charge of 
designers, draftsmen, power house, and chemical 
plant developments Location preferred, New 
England or Middle Atlantic States; will consider 


any location Available short notice. C-8306 


Srructrurat Enocineer; Jun. Am. Soc. C.E.; 
25: single: degrees, C_E. 1928, and D. Eng. in 
structural engineering 1931, from Rensselaer 
Polytechnic Institute 2'/¢ months structural 


detailing; 3 months calculation of properties of 


structural shapes Position structural design, 
research, construction, or instructorship desired. 
Available at once. C-9229 


Enorneer; Assoc. M. Am. Soc. C.E.; 36; 
married graduate, electrical and mechanical; 
1 year public utility; 5 years teaching experi- 
mental and mechanical engineering; 5 years 
research in development, design, testing, and 
construction of municipal garbage and rubbish 
disposal plants and furnaces for low-grade fuels; 
desires position; location immaterial. C-9515. 


ENGINEERING Executive; M. Am. Soc. C.E.; 
25 years engineering, executive, and construction 
experience on municipal, highway, and allied 
lines. Responsible position desired. Middle 
States preferred. Available on short notice. 
C-8700., 


Crvm anp ENGINEER; Assoc 
M. Am. Soc. C.E.; university education; 25 
years government, municipal, public service, 
and industrial projects; last 12 years partly 
devoted to industrial management problems, 
effecting economies and reorganization. Record 
covers investigations, reports, designs, estimates, 
contracts, and supervision. Contact with engi- 
neers or managers planning to develop broader 
fields invited C-5717 

Grapvuate Civi, Encingeer; Assoc. M. Am. 
Sec. CLE 8 years structural experience, in- 
cluding building design, railroad, subway con- 
struction, with steel, concrete design, drafting, 
checking, and estimating; familiar field engi- 
neering. Desires connection with construction 
company, consulting engineer, contractor, or 
architect, where capacity to assume responsi- 
bility and interest in productive activity are 
appreciated—-preferably field engineering, con- 
struction, or related work. C-2605. 


Licensep Encinesr; Assoc. M. Am. Soc. 
C.E.; registered architect; university degrees; 
13 years intensive experience on surveys, design, 
drafting, estimate, specifications, construction; 
4 on municipal work; 9 on buildings—-commer- 
cial, industrial, institutional, concrete, steel, 
timber design, and detail. Capable of taking 
charge, field or office, start to completion, for 
engineer, contractor, or architect; New York or 
New Jersey. B-7600. 


Tunnet ENcIneer SUPERINTENDENT; 
M. Am. Soc. C.E.; 44; 20 years experience 
driving long railway, drainage, and power tunnels 
in rock Well up on latest mechanical methods, 
including concrete lining with pneumatic pressure, 
plant selection, and layout. Location immate- 
rial, C-9209 


Grapuats Crvit Encrneer; Assoc. M. Am. 
Sec. C.E.; 30; 2 years subdivision location 
and construction; 1 year highway location and 
construction; 4 years design in state highway 
bridge offices. Position as designer of bridges 
and structures or connection with structural 
contractor desired. Location preferred, South 
or Southwest. C-9535. 


Grapuate Enoineer; Assoc. M. Am. Soc. 
C.B.; 34; licensed, New York State; married; 
intimate knowledge of all phases of construction; 
13 years broad practical experience in reinforced 
concrete and steel structures of all types, design- 
ing, estimating, drafting, and following up to 
completion. C-9540. 


Youno Man; 3 years technical college educa- 
tion, civil engineering; forced to leave school 
as a result of conditions; position as draftsman 
or surveyor desired; experience and schooling 
in former employment; thorough training all 
branches of surveying; also, knowledge of pneu- 
matic tube work gained through previous em- 
ployment Excellent references. Willing to 
travel. C-9547. 


Warer Works Executive, ENGINEER; Assoc. 
M. Am. Soc. C.E.; graduate civil engineer; 
served with private water company, consulting 
engineers, and city manager for 4 years; recently 
returned from 14 months study and investigation 
of water properties in Latin America; Pennsyl- 
vania license. Interested in business manage- 
ment. Author of several technical articles. 
C-9538. 


Expertencep EnNcineer; Assoc. M. Am. Soc. 
C.E 48; university graduate; 25 years ex- 
perience hydro-electric developments, including 
surveys, engineering and economic studies and 
reports, designs, cost estimates, and construction; 
direct charge of several large hydro-developments, 


Vou 1, No.1 


also large drydock. Open for responsible posi 
tion. New York or vicinity preferred. C-9569 


Crvm Enocinesr; 33; married; 2 years ex 
perience highway surveys, design, construction 
3 years college instructor in surveying; 5 years 
general contractor on construction of five indy 
trial, commercial buildings ($100,000 to $600,000 
cost accounting, and estimating; estimatin, 
appraisal, valuation work, or position as owner's 
representative desired; resourceful; adaptable 
Willing to travel. C-9539. 


Grapuate Crvm Enocrnger; Jun. Am. Soc 
C.E.; 25; 3 years experience in design and 
construction of small structures used by gas and 
electric companies, also underground electrical 
distribution; position in either engineering or 
construction desired. Location immaterial. C. 
9543. 


Grapuats Civit Encingger; Jun. Am. Soc 
C.E.; 27; single; will consider accepting posi- 
tion in any locality, domestic or foreign. Has had 
responsible charge of location, design, and 
construction of 80 miles of highway, in both flat 
and mountainous country. Has also had some 
experience on waterway surveys. C-1977 


Civm Assoc. M. Am. Soc. CE: 
position as instructor or professor of mathematics 
physics, or civil engineering subjects desired: 
medal in mathematics and honor graduate: 18 
years experience, covering surveying and map- 
making thoroughly and including hydraulic. 
highway, and railway-track material design, and 
hydro-electric, drainage, and highway construc- 
tion. C-1035. 


Crvm Encinger; Assoc. M. Am. Soc. 
39; college graduate; 15 years experience in 
layout, design, estimation, construction, super- 
vision, and consultation in America, Asia, and 
Europe; fluent in French, German, and Russian: 
position in foreign trade and promotion abroad 
desired. Available in October. C-6953. 


RECENT BOOKS 


New books of interest to Civil Engineers, 
recently donated by the publishers to the 
Engineering Societies Library, will be 
found listed here. A comprehensive state- 
ment regarding the service which the 
Library makes available to members is to 
be found on pages 87 to 89 of the Year 
Book for 1931. The statements made 
regarding the books are taken from the 
books themselves and this Society is not re- 
sponsible for them. 


Princietes or Ciry PLannino. By K. B 
Lohmann. New York, McGraw-Hill Book 
Co., 1931. 395 pp., illus., diagrs., charts, 
maps, 10 X 6in., cloth. $4.00. 

An account of the whole subject of city plan 
ning. The elements and principles of the various 
branches are presented, together with such 
general matters as the scope and importance of 
the work, its possibilities, and the means of its 
accomplishment. 


RECLAMATION OF LAND FROM THE Sea. By 
F. M. Du-Plat-Taylor. New York, Richard 
R. Smith, Inc., 1931. 153 pp., illus., diagrs., 
charts, tables, maps, 10 X 6in., cloth. 2!s 
This volume describes methods of reclamation 

by enclosure and by filling, and illustrates them 

by numerous examples, principally in England 
and Holland. 


Surveyinc 2 ed. By H. C. Ives 
New York, John Wiley & Sons, 1931. 2% 
pp., illus., diagrs., charts, tables, 7 X 4 
leather, $2.25. 

This manual is designed especially to mett 
the needs of students of other branches of «o# 
neering than civil engineering, who are study! 
the elements of surveying. It describes the 
various instruments and their use, and “ve 
problems. 


Gen ere 
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City Bank—Farmers Trust Company Building 
NEW YORK CiITy 


20,000 TONS OF STEEL BY 


McClintic-Marshall 


Architects: Cross and Cross 
Consulting Engineer: H: G. Balcom 
Contractor: George A. Fuller Company 


Subsidiary of 


Bethtehem Steel Corporation 


| 
i 
4 
in 
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URRENT PERIODICAL LITERATURE 


Abstracts of Articles on Cwil Engineering Subjects from Magazines 
in This Country and in Foreign Lands 


Selected items from the current Civil Engineering Group of the Engineering Index Service, 29 West 39th 


Street, New York, N.Y. 


Every article indexed is on file in The Engineering Societies Library, one of the 


leading technical libraries of the world. Some 2,000 technical publications from 40 countries in 20 lan- 


guages are received by the Library and are read, abstracted, and indexed by trained engineers. 


With the 


information given in the items which follow, you may obtain the article from your own files, from your local 


library, or direct from the publisher. 


Photoprints will be supplied by this library at the cost of reproduc- 


tion, 25 cents per page, or technical translations of the complete text may be obtained when necessary at cost. 


BRIDGES 

ConcRETE Ausrrauia. The Grey 
Street Bridge, Brishane, G. O. Boulton. Inst. 
lustralia Journal, vol. 3, no. 4, Apr 
1931, pp. 117-125, 16 figs Design and con 
truction of bridge consisting of three reinforced 
concrete arch spans, each 255 ft. center to center 


of mers; types of foundation include open foot 
ings, piled foundations, large cylinders and cais- 
sons sunk in river, and small cylinders sunk on 
land artificial island method of construction; 


open dredging operations conversmon to pneu 
matic type and high-pressure airlock work; con 
truction of submerged reinforced concrete beams 


connecting cCaissons im pairs caisson disease 


Concrere Girper, Greear BRirain Mon- 
trose Bridge. Engineer, vol. 151, no. 3934, June 
», 1931, pp. 616-617, 13 figs. partly on p. 628 
Bridge constructed entirely of reinforced con- 
crete, even lamp standards, shades, and reflectors 
being made of that material; roadway has width 
of 20 ft. and accommodates two lines of traffic: 
two footway each 8S ft. wide center span is 
216 ft. im length, and shore spans each 108 ft 
in triangulated part, form of top boom follows 
closely shape of bending-moment diagrams for 
line load at center of bridge: means provided 
for taking up expansions and contractions due 
to changes of temperature 


Hiouway, Desicn Principles of Design of 
Steel Highway Bridges Pub Vorks, vol. 62 
no. 6, June 1931, pp. 48 and 68 Second part 
of article previously indexed from Cen. Enegr., 
Apr. 14, 1931 

Hirouway, Specification for 
the Design of Road Bridges—II, M. G. Dempster 
Commonwealth Ener vol. 18, no. 10, May 
1931, pp 362-371 Concrete superstructures 
moments in floor slabs; distribution of concen 
trated loads on slabs; moments in slabs supported 


on four sides web reinforcement I -beams 
econdary beams, rigid fraine design; wing walls 
columns steel superstructures rivets; rolled 


joists and plate girder 


RAILROAD, Untrep STates The B.& O.R_R 
Bridges at Harpers Ferry, P. G. Lang, Ir Eng 
nd Contr in vol. 70, no. 5, May 1931, pp 
1! 117 + fig Features of railroad bridges 
constructed at Harpers Ferry, W.Va., since 1836, 
illustrating evolution of practice in design and 


trusses 


construction of railroad bridges during past 75 
year 

Sreet Arch, Syvypnev, AUSTRALIA The Erec 
tion of Sydney Harbor Bridge, |. S. Lewis 
Siructurat vol. 9. no 5, May 1931, pp 
174-187 and (discu on) 187-190, 30 fies Con 
truction of steel arch bridge, including single 
pan of 1650 ft und having total length of 
1.770 in several previously indexed 
articte 

Truss K-Type Bracing for Long 
Span Bridge Truss Eng. News-Rec., vol. 106 
no. 20. May 14, 1931, pp. 821 Discussion by 


D>. Patterson of paner previously indexed from 
issue of Apr. 2, 1931 

reet Tress, Consrreuction The Rebuild- 
ing of the Bassein Bridges on the Bombay. Baroda 
ind Centra India Railway B Haskew 


” Vin Pro vol 30. no 
4762, for mtg. Fel 25, 1930, pp. 204-233, 12 
Construction of two plate-girder railroad 
ridue onsisting of Jo to 69 spans over 62 ft 
each each rer consist of row of cast-iron 
paced ft hetween centers 
eha r of eviinders when being screwed evra 
tor and lateral movement kin friction on shaft 
of er aunching of maim span juantity 
of paimt requred pile-screwing experiments 
work done and time occupied in screwin cost 
STREI ress STRENGTHENING The Recon 
truction of the Attock Bridge Acro the River 
Ind on the Northwestern Railway, India 
W.T. Evera Ciel Emer Min. of Proc., 
vo 0), no. 4767, for mtg. Feb. 25, 1931, pp 
234-258 and (discussion) 259-278, 25 figs.. 2 


supp. plates at end of book. Expanded version 
of paper previously indexed from Eng. News-Rec., 
May 7, 1931 


Street. Truss, Sursun Bay, Design 
and Erection of the Martinez Benicia Bridge 
Superstructure, S. A. Roake. Eng. News-Rec 
vol. 106, no. 23, June 4, 1931, pp. 918-922, 5 
figs. Construction of steel truss railroad bridge 
costing $12,000,000, across Suisun Bay near San 
Francisco; spans erected on movable steel-truss 
falsework economic use of silicon steel and 
heat-treated eyebars pre-tested to full-load ca- 
pacity consideration of earthquake forces in 
design 


Suspension, Gotpen Gate. Golden Gate 

Bridge Across San Francisco Bay West. Con 
struction News, vol. 6, no. 9, May 10, 1931, pp 
228-232, 36 figs. Main features of suspension 
bridge having main span 4,200 f[t. long, with side 
spans each 1,125.41 ft. long; three pages of draw 
ings presenting main structural features of super 
structure. 
Hupson River. The Hudson 
River Bridge Engineer, vol. 151, no. 3933, 
May 29, 1931, pp. 590-594, 15 figs. Summary 
of principal points of fourth progress report on 
bridge at New York between Fort Washington 
and Fort Lee 

Spinning 28,370-Ton Cable for Hudson River 
Bridge, F. W. Skinner Eng. and Contracting, 
vol. 70, no. 4, Apr. 1931, pp. 85-87, 6 figs. 
Methods and equipment by means of which 107,- 
000 mi. of very high strength, standard, acid, open 
hearth, carbon steel wire were rapidly and safely 
spun into 4-mile long cables, 36 in. in diameter. 


SUSPENSION 


Suspension, StreENGTHENING. Some Munici- 
pal Works at Newcastle-on-Tyne, W. J. Steele 
Inst. Mun. and County Eners Journal, vol. 57, no 
24, May 26, 1931, pp. 1244-1254 and (discussion) 
1254-1255, 6 figs. Scotswood suspension bridge 
strengthening works; total length is 910 ft.; dis- 
tance between centers of river piers 368 ft.; 
quay extension, east of Ouse Burn; resurfacing 
old streets. 


BUILDINGS 

Grass. New York's Latest Glass Skyscraper 
May Mark New Tall Building Trend im. Glass 
Rev., vol. 50, no. 35, May 30, 1931, pp. 27-28 
1 fig Extensive use of glass in McGraw-Hill 
Building; more than 85,000 sq. ft. used outside 
aad many thousand more inside; design and 
construction fteatures 


New York. Color Built into Skyscraper 
Construction Methods, vol. 13, no. 6, June 1931, 
pp. 32-37, 18 figs. Report on erection of steel 
frame of new 33-story McGraw-Hill Building, in 
New York City; horizontally striped facade pro- 
duced by wide bands of blue-green terra cotta 
blocks, covering spandrels at every floor; plant 
layout showing location of hoists, derricks, and 
contractor's yard, columns, of which the heaviest 
weighed 19'/; tons, were fabricated and erected 
in two-story lengths 

SrrucrurRar Sreet Rivets or Welds in Steel 
Buildings, L. H. Miller. Can. Engr., vol. 60, 
no. 19, May 12, 1931, pp. 26 and 68. Discussion 
leading to conclusion that there is room for both 
methods in present-day practice but that more 
consideration is being given to welding; condi 
tions surrounding electric welding; welding large 
pressure vessels. Before Building Officials Con- 
ference, Toronto. 

Wind BRACING Expert Testimony on Wind 
Design for Tall Buildings-——-I, D. C. Coyle. Eng 
Vews-Ree vol. 106, no. 23, June 4, 1931, pp 
932-934, 3 figs Portal theories; distortion of 
wind bent under portal theory assumptions; 
cantilever methods; distortion of wind bent under 
cantilever theory assumptions; possible future 


trend unit loads 
Supporting a Steel Skyscraper on a Concrete 
Factory Ene. News-Re vol. 106, no. 24, Tune 


11, 1931, pp. 967-969, 6 figs. Difficult wind 
design problem in 30-story Daily News Build- 


ing, in New York, solved by horizontal truss 
carrying wind shear around bottom six stories 
of flat-slab concrete construction; wind-bent de 


signs; wind-bracing connections and columns 
sections 
Winp Srresses Force of the Wind on Tall 


Buildings, E. A. Phillips. Can. Engr., vol. 60 
no. 22, June 2, 1931, pp. 13-17, 2 figs Measure 
ment of gust velocities; probable frequency of 
high wind pressure; relation of velocity to pres 
sure; variation of velocity with height; varia 
tion of wind velocity with height 


CITY AND REGIONAL PLANNING 

Porutation. Checking Past Population Fore- 
casts, N. B. Jacobs and A. W. Skilling Ene 
News-Rec., vol. 106, no. 21, May 21, 1931, pp 
854-856, 2 figs Population forecasts made in 
past years for 50 American cities, when checked 
against actual enumerations made in 1930, show 
tendency to overestimate future population 
growths: errors in prediction range from 118 per 
cent for small communities to only 3 per cent for 
New York City; method of forecasting arge 
areas used as controls; making use of factors other 
than past trends; periodic check-ups 

Predicting Future Population in Westerns 
Canada, C. J. Mackenzie. Eng. Journal, vol 
14, no. 5, May 1931, pp. 286-291, 9 figs 
Author's method of estimating future population 
in western Canada based on separate considera 
tion of urban and rural areas; study of records 
for comparable districts and cities in United 
States 


CONCRETE 

Cuarts. Short-Cuts in Structural Design 
Ill, J. R. Griffith Concrete, vol. 38, no. 6, June 
1931, pp. 35-38, 3 figs. Reinforced-concrete wa 
footings designed as cantilevers; shear and bend 
ing in wall footings; use of charts illustrated by 
actual problems 

CONSTRUCTION The Limitations of Present 
Knowledge of Concrete Construction, A. |! 
Lindau Pit and Quarry, vol. 22, no. 4, May 2 
1931, pp. 61-64 Extent to which present know 
edge limits use of concrete and reinforced con 
crete in some important particulars compress ve 
strength important present strength iim 
question of durability; temperature factor 
Before Am. Soc. Testing Materials 


Construction, Costs Estimating Cost 
Concrete Work—I, L. H. Allen. Concrete ) 
38, no. 6, June 1931, pp. 14-16. Concrete quar 
tities and unit prices; basis on which unit 
are established; summary of labor and materia 
costs 

DISINTEGRATION. More Lessons from 
crete Structures in Service, R. B. Youngs 
Concrete Inst Journal, vol. 2, no. 9, Ma 131 
pp. 1065-1089 and (discussion) 1090-109 
figs. Reports on study made, for Hydro-~« 
Power Commission of Ontario, on beha 
many concrete structures, with view to 
ing not only their existing condition, but 
probable condition im years to come 
cover observations on canal locks, retainin 
bridge piers, concrete ships, and hydraul« 
tures. Bibliography 

Study of Defective Concrete, F. R. McM: a 
im. Concrete Inst.—Journal, vol. 2, no. * ‘ 
1931, pp. 1039-1064, 22 figs. Survey © f 
crete structures representative of almost 
kind of aggregate, method of construction. ™ 
condition of exposure found in greater t 
United States and portions of Canada 
in which causes of disintegration or un 
tory concrete are identified; examination 
sound and defective concrete essentia 
dence of dry mixes, and of unsound a 
bonding successive layers; structures [a 
richer mixture; consistency and placin: 


TeSTING The Concrete Flow Tro 
M. Burmister im. Soc. Testing M 
Advance Paper, no. 57, for mtg. Jun 
1931, 16 pp., 8 figs. Investigation to s! 
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Erie Railroad, Pier D, Weehawken, N. J. Graham King, Architect; F. A. Howard, Engineer of Structures; 
Foley Bros., Inc., Contractors. Construction of Channelplate Floors. 


The Rigid Fireproof 
CHANNELPLATE Floor System 


The light weight of Channelplate floor construction saves in the cost of the supporting 
framework and in the time of erection. Installed with the structural steel, the 
Channelplate floor provides a rigid working platform to support heavy loads. 
When the Channelplates are bolted together, these pressed steel units form a series 
of I-beams with a continuous solid steel deck. 


Complete information on the application of the Truscon Channelplate Floor System 
will be furnished without obligation. Write for handbook containing designing data. 


TEEGRID BRIDGE FLOOR SAFETY TREAD PAVING BLOCK 
\ superior floor for highway bridges, combining An ideal floor that resists damage from severe 
strength, light weight, permanence and econ- wear and heavy impacts. The Safety Tread sur- 
omy. The open TEEGRID is filled with concrete face prevents slipping. These 12-inch square 
to the level of the steel, forming a steel armored paving blocks are filled with concrete before 
concrete surface which resists impact and wear. using and are easily and quickly installed. 


TRUSCON STEEL COMPANY, YOUNGSTOWN, OHIO 


Engineering and Sales Offices in Principal Cities 


TRUSCO 


STEEL WINDOWS » STEEL DOORS » STEEL JOISTS » METAL LATHS » STEELDECK ROOFS » REINFORCING STEEL 
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definite information as to workability of concrete 
can be obtained by means of flow trough; char 
acteristics of concrete are reflected in varying 
dexrees by its behavior in any given test; flow 
trough test furnishes two figures which are in 
dicative of these « haracteristics, namely flow at 
ten drops and plasticity coefficient; results show 
how these figures can be used as basis for compan 
son of concretes and for design of concrete mix 
ture 


DAMS 

CANAL ZONE Madden Dam, Panama Canal 
Zone, R. F. Walter and J Savage New 
Reclamation Era, vol. 22, no. 4, Apr. 1931, pp 
75-78, 2 fias Desien of straight concrete 
gravity dam of 220-(t. maximum height and 
1,200 ft. long, also of several earth, gravel, and 
rock-fill saddle dams, to form storage reservoir 
on Chagres River to be used in operation of 
Panama Cana! locks 

Argcn, Mowrana. Gibson Dam 
Sun River Project--II, Montana West. Con 
struction News, vol. 6, no. 10, May 25, 1931, pp 
253-258, 10 figs. Contractor's plant; camp and 
crew, excavation for dam; river diversion; mass 
concrete in dam, selection of aggregate pit and 
concrete mix operation of aggregate pit con 
crete mixing plant concrete placing equipment; 
concreting methods grouting and drainage; 
grouting; spillway excavation and lining; lining; 
outlet works and penstocks 

Deston Comments on a Few Dams and 
Reservoirs, C. BE. Grunsky Miliary Engr., vol. 
23, no, 128, Mar.-Apr. 1931, pp. 135-139, 8 figs. 
Notes on Dix River Dam, Gordon Valley Dam, 
Santa Barbara Dam, and St. Francis Dam. 
To be concluded 

High Earthen Dams 
with Particular Relationship to the Silvan Dam 
for Melbourne Water Supply, E. G. Ritchie 
Inst. Engrs. Australia Journal, vol. 3, no. 4, Apr 
1931, pp. 133-135, 3 figs. Discussion of article 
indexed from issue of Dec. 1930 


Hoover Dam Project The Biggest Mill 


and Classifier, C. C. Tillotson Min. Journal 
Phoenix, Aris vol. 15, no. 1, May 30, 1931 
pp. 3-4 Action of Colorado River is likened 
to large crushing and grinding mill; largest boul- 


ders, which were not ground up, lodged where slope 
of river diminishes; criticism of project for dam 
at point where accumulation of boulders is so deep 
that foundation will be expensive; profile of 
Colorado River, indicating advantages of dam and 
reservoir at or above elevation cf Marble Canyon, 
which would make greater amount of water 
available for Arizona land 

Composition of Earth 
Dams—-I Eng. News-Rec., vol. 106, no. 24, 
June 11, 1931, pp. 960-066, 1 fig. Symposium 
of four papers: Further Study of Earth Dams 
and Better Terminology Needed, J. A. Holmes; 
Materials in Existing Earth Dams, E. W. Lane; 
Laboratory Tests Can Never Supplant Sound 
judgement, O. N. Floyd; Gradation of Materials 
in Earth Dams an Important Factor, C. H. Paul. 


Pas 


FLOOD CONTROI 

Mississtrrt River. Flood Control, W. H. 
Holcombe La. Eng. Soe Proc., vol. 17, no. 
1, Feb. 1931, pp. 14-23. Outline of plan of flood 
control of Mississippi River in its alluvial valley; 
adopted by Congress in May 1928 


HYDRO-ELECTRIC POWER PLANTS 

Cruute a Caron, CANADA. The Design of the 
Chute a Caron Diversion Canal, G. O. Vogan. 
Eng. Journal, vol. 14, no. 5, May 1931, p. 296 
Discussion of paper previously indexed from 
issue of Mar, 1931. 


Mrssourr, Construction Features of Osage 
Hydro-electric Development, A. W. Clark. Stone 
and Webster Journal, vol. 48, no. 6, June 1931, 
pp. 401-418, 8 figs. Previously indexed from 
Eng. News-Rec., Mar. 26, 1931, 

The Osage Hydro-Blectric Project, G. R. 
Strandberg Stone and Webster J1., vol. 48, no. 2, 
Feb. 1931, pp. 99-112, Sfigs. Previously indexed 
from Eng. (N.Y.), Jan. 1931. 


INLAND WATERWAYS 

CANALS The Welland Ship Canal—XIX. 
Engineering, vol. 131, no. 3411, May 29, 1931, 
pp. 601-604, 12 figs Operating and locking gear 
of double-leaf rolling-lift bascule bridge; elec- 
trical equipment 


Canat Locks, Consrrevction. Reconstruc- 
tion of the Twin City Lock, J. R. Johnson Mili 
teary Emer vol. 23, no. 128, Mar.-Apr. 1931 
pp. 104-106, 4 figs. Description of repair work 
construction necessitated by failure of lower 
miter-sill and loss of lower lock gates at Twin Lock 
and Dam, Mississippi River between St. Paul and 
Minneapolis, in August 1929; section of recon- 
structed lock is about 55 ft. wide and 54 ft. deep 


TowIno CABLEWAYS Developing Canal 
Transport Mech. Handling, vol. 18, no. 6, June 
1931, pp. 193-194, 2 figs. It is suggested that 
mechanical haulage be substituted for present 
antiquated horse haulage: by method described 
average speed of transport would be increased 
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at least three times, while cost of haulage would 
be reduced to considerably less than half present 
cost 

Unirep Srares. Transportation on Inland 
Waterways—Ill, E. C. Powers. Mar. Rev., vol 
61, no. 6, June 1931, pp. 30-36, and 62, 18 figs 
River terminal facilities; types recommended 
for various waterways; importance of efficient 
cargo- handling equipmesgt. 


IRRIGATION 

Construction, Canal Construction Through 
Lava Plains, E. B. Darlington Explosives Engr., 
vol. 9, no. 6, Jume 1931, pp. 214-215, 3 figs. 
Drilling and blasting operations on 60-mile canal 
under construction to supplement water supply 
of present Gooding project and to make water 
available to 36,000 acres of new land; work on 
Milner-Gooding Canal will not be finished until 
late in 1931. 


LAND RECLAMATION AND DRAINAGE 

Drarnace CaNnats, Construction. Disposal 
of Spoil and Placing of Riprap Feature Work 
of Drainage Canal. Construction Methods, vol. 
13, no. 6, Jume 1931, pp. 42-45, 10 figs. Con- 
struction of section H of River Des Peres storm- 
water sewer, St. Louis; disposal of spoil; coat- 
ing of gunite applied to 1,709,000 sq. ft. of riprap. 

New Mexico. Ten Million Dollar Con- 
servancy Project, J. D. Holmes. Earth Mover, 
vol. 2, no. 18, Feb. 1931, pp. 15-16 and 36, 4 figs. 
Description of excavation on project of Middle 
Rio Grande Conservancy District of Albuquerque, 
New Mexico, embraces flood control, drainage, 
and irrigation; 24,000,000 cu. yd. will be moved. 


Zuyper Zee. The Enclosure and Partial Re- 
clamation of the Zuyder Zee, D. A. Dedel. Eng. 
and Contracting, vol. 70, no. 5, May 1931, pp. 
107-113, 8 figs. Outline of famous reclama- 
tion achievement in many previously indexed 
papers 


MATERIALS TESTING 

Cast Iron Properties. Gray Iron Possesses 
Valuable Engineering Properties. Foundry, vol. 
59, no. 11, June 1, 1931, pp. 54-56, 8 figs. Sum- 
mary of factors influencing machinability of cast 
iron with particular regard to crystal structure. 

Concrete. Tests of Concrete Conveyed from 
a Central Mixing Plant, W. A. Slater. Am. Soc. 
Testing Materials—Adevance Paper, no. 56, for 
mtg. June 22-26, 1931, 16 pp., 8 figs. Results 
of tests made to determine effect on properties 
of concrete of transporting it for hours in truck 
whose container consists of closed rotating drum 
without mixing blades. 

Non-Ferrovs Merars. Fatigue Tests in 
Shear of Three Non-Ferrous Metals, H. F. Moore 
and R. E. Lewis im. Soc. Testing Materiails— 
Advance Paper, no. 42, for mtg. June 22-26, 1931, 
7 pp., 4 figs. Results of tests on copper, brass, 
and duralumin; testing machines and test speci- 
mens used; fatigue tests were made in reversed 
flexure, reversed torsion, and with cycles of tor- 
sion varying from zero to maximum. 

Pires, Benpinc Srresses. The Flexibility of 
Corrugated Pipes Under Longitudinal Forces 
and Bending, L. H. Donnell. Am. Soc. Mech. 
Engrs.—Advance Paper for mtg., June 15-16, 
1931, 4 pp., 8 figs. Calculation of longitudinal 
flexibility for several types of corrugations, and 
derivation of reduced modulus of elasticity by 
which corrugated pipes can be calculated as if 
they were straight; experimental confirmation 
of calculation. 

Rams. The Measurement of Large Brinell 
Impressions in Steel Rails, H. H. Morgan and 
J. R. Mooney. Am. Soc. Testing Materials— 
Advance Paper, no. 36, for mtg. June 22-26, 1931, 
6 pp., 2 figs. In manufacture of both tee and 
girder rails, indentation test is made on head 
of test rails with */«¢-in. ball and 100,000-Ib. load; 
for measurement of these impressions, Hunt 
Brinell gage has been developed, which indicates 
same hardness as is obtained from standard-size 
Brinell impressions made on machined surface. 


Russper Compounps. Methods for Deter- 
mining the Physical Properties of Certain Rubber 
Compounds at Low Stresses, R. L. Templin and 
R. G. Sturm. Am. Soc. Testing Materials—Ad- 
vance Paper, no. 90, for mtg. June 22-26, 1931, 
13 pp., 8 figs Apparatus and technic de- 
veloped for determining physical properties of 
rubber compounds having moduli of ene 
ranging from 500 to 50,000 Ib. per sq. 

Srructrurat Sreer, Yrecp Pornr. of 
Research Committee on Yield Point of Struc- 
tural Steel im. Soc. Testing Materials— Advance 
Paper, no. 26, for mtg. June 22-26, 1931, 6 pp., 
2 figs. Relationship between rate of strain in 
wedge-gripped specimens and speed of movable 
head of testing machine in 120 tests; informa- 
tion from these tests forms basis of present report. 


Wire. Fatigue Testing of Wire, S. M. Shelton 
im. Soc. Testing Materials—-Advance Paper, no. 
40, for mtg. June 22-26, 1931, 10 pp., 4 figs 
Method for determination of fatigue limit of 
wire in its structural shape and condition; re- 
sults are shown for tests of high-carbon, heat- 
treated, galvanized steel wire; same wire with 
zinc coating removed; and low-carbon steel wire. 
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PUBLIC WORKS ENGINEERING 

Stam. Civil Engineering in Siam, H. E. Ba 
bitt Eng. News-Rec., vol. 106, no. 23, Tune + 
1931, pp. 928-931, 4 figs. Engineering and « 
struction; highways; irrigation; municipal wor, 
in Bangkok; water works; expenditures on ir; 
gation projects in Siam; memorial bridge. 


PORTS AND MARITIME STRUCTURES 
Fisurnc. New Fish Dock for 
Grimsby. Engineer, owt 151, mo. 3934, June 
5, 1931, pp. 618-620, 2 figs. Dock will be formed 
by building of river embankment 6,800 ft. lon 
northeast wall will be formed by embankmen: 
which will, for greater part of its length, be para!\«! 
with river embankment at distance of 340 {; 
from it; cores of embankments will be composed 
of chalk mounds; works for new dock will in 
clude formation of two coaling jetties, ome 238 
and other 400 ft. long, and two outfitting jetties 
one 270 and other 400 ft. long; scheme includes 
formation of considerable length of new railway 
sidings 

Harsor IMPROVEMENTS, CALLAO, Perv. His. 
toric Callao Now Has Improved Harbor, A. S 
Taylor. Compressed Air Mag., vol. 36, no. 6, Tune 
1931, pp. 3518-3522, 14 figs. Peruvian port has 
big marine terminal pianned and built by Ameri. 
can firm; details of harbor improvements. 


RAILROADS, STATIONS, AND TERMINALS 

PLatrorms. Station Platforms of Precast 
Concrete. Eng. News-Rec., vol. 106, no. 2% 
June 11, 1931, p. 966, 1 fig. Description of new 
type of floor paving, used for platforms and pas- 
sageways of Kinzie Street Station, Chicago, ele. 
vated railways, consisting of precast concrete 
slabs bolted to steel framing and covered with 
asphaltic filter and wearing surface of asphalt 
planks. 


ROADS AND STREETS 

AspHALt Emutsrons. Cold - Mixed - Asphalt 
Manufacture Offers Field for Aggregate Pro 
ducers, M. P. Wall. Pit and Quarry, vol. 22, no 
5, June 3, 1931, pp. 55-56, 1 fig. Methods of 
preparing and amalgamating mineral aggregate 
and asphalt binders for building cold-mixed as- 
phalt road; liquefier process; Colprovia process 

ASPHALT, FINISHING MACHINES. Machine- 
Finishing Asphalt Pavements, C. L. Donovan 
Quarry and Roadmaking, vol. 36, no. 411, May 
1931, pp. 224-225. Paper before Engrs.’ Club 
Philadelphia; indexed in Engineering Index 1930 
p. 1289, from various sources. 


Unitep States. Construction of 
Asphalt Roads in United States, B. E. Gray 
Can. Engr., vol. 60, no. 18, May 5, 1931, pp. % 
and 59. Construction of low-cost roads by sur 
face treatment; types of asphalt surface treat 
ment; classification of road types; old roads as 
bases; classification of surface treatment types 


Concrete, Expansion Jornts. Joints and 
Reinforcement in Concrete Pavements. Com 
monwealih Engr., vol. 18, no. 10, May 1, 1931 
pp. 371-372, 2 figs. Standard joint and rein- 
orcement details for cement concrete pavement, 
standard cardboard dowel cap. 


Desicn. Highway Economics, S. Johannes 
son. New York, McGraw-Hill Book Co., 1931 
157 pp., illus., tables. $2.50. Introduction 
to economics of highway construction which 
aims to present principles and methods by waich 
cost of producing and operating a finished high- 
way may be determined. Among topics treated 
are cost of vehicle operation upon highways, cost 
of delays, loss of time by interruptions of traffic 
highway capacity, grade crossing elimination 
economic studies, and traffic surveys. Eng. Soc 
Lib., N.Y. 

Desion, Curves. Easement and Banking of 
Highway Curves, . B. Putnam. West. Con 
struction News, vol. 6, no. 10, May 25, 1931, pp 
263-264, 1 fig. Discussion of paper by J. W 
Howard and F. W. Grumm, indexed in Engi 
neering Index 1929, p. 1592, from issue of Dec. 10 
1929; also author's closure. 

Desion, Surper-Etevation. How Much 
Super-elevation at Curves, D. Y. Bate. /» 
Works, vol. 62, no. 6, Jume 1931, pp. 54-55 anc 
66 and 68, 5 figs. Compilation based on princ 

al recent studies; graphs of formulas for di! 

erent speeds and radii. 

GRAVEL, CONSTRUCTION. 
Gravel Roads in an Illinois Pa 
Greuter. Roads and Streets, vol. 71, 5, Ma 
1931, pp. 181-184, 5 figs. Roanoke rownshis 
Woodford County, builds 37 miles of traf 
bound washed-gravel roads in one season, Pp 
ning and investigation; methods and costs ° 
construction. 

INTERSECTIONS. 


Docks, 


Traffic - Bound 


1 B 


The Detail Design of Mas 
Road Intersections, J. P. Porter. Surveyor. v° 
79, no. 2,050, May 8, 1931, pp. 509-512 gs 
Points in design of contoured road inters: 
detail design of contours; construction 
foundation and subfoundation problems 
riageway construction problems. (Conclud 
Pavements, Brick. Vitrified Brick Pa’ 
on Metal Base, G. F. Schlesinger. Co" né 
vol. 60, no. 23, June 9, 1931, pp. 25-26 ar 
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RMCO Paved Invert Pipe has solved 


the problem of erosion in Storm 


Sewers. Proof of this is based on six 
years of actual service in the ground, F 


in various sections of the country, under severe 


ARM 


PAVED INVERT 


tests have since confirmed. The pavement used in 

the invert amply fortifies it against the wear of 
erosive hydraulic traffic. The paved invert principle 
and application has proved its true worth and economy 


to the drainage world. 


drainage conditions. 


What years of research and tests conducted 


by Armco proved to be a fact, these in-the-ground 


Thus storm sewers of ARMCO Paved Invert Pipe are a safe, eco- 
nomical drainage investment as attested by installations throughout 
the country. Longer trouble-free service life at lower per year cost, 
is the logical result. 

A new booklet, recently published, fully explains the advan- 
tages of this erosion-resistant pipe for storm sewers. Typical in- 


stallations are shown. Service records are given. Methods of } 
4 Gentlemen: Send new booklet of facts ond data on 
4 Storm Sewers of ARMCO Paved Invert Pipe. 
1 
J 


] City Official 


stallation are described. Clip and mail the coupon today. 


lam [_] an Engineer Contractor 


AP®™“CO culverts ond drains are manufactured from the Armco Ingot Iron of the 


American Rolling Mill Compony and always bear its brand. 
Nome 


Address 


ARMCO CULVERT MANUFACTURERS ASSOCIATION 
Middletown, Ohio 


Wa 


Tx 
4 
ed 
ei a 
ft 
| 
— » 
/ a. 
h Paved In- 
0 
of O 
y 
56 
/ 
at 4 
nd 
m- 
n- 
at 
on | 
ch 
ed 
ot 
| 
10 
ch 
sb 
nc 
f be 
B. 
in 
nt C.£.3 


1056 Civit ENGINEERING for August 1931 1, Noy 


fig Favorable results obtained from short sec 
tion of experimental! road in Illinois; subsoil con 
hthon construction of surface course dur 
atmuty cost of construction advantages of 
metal base 

TREATMENT Heating For Non-Skid 
treet urface R. S. Dulin West. City, vol 
7, no. 6, Jame 1931, p. 30, I fig Surface heater 


loosens flush coat of asphalt which is then raked 
off and bituminous mixture below is brought to 


face cost data 
Surface Treatment for Roads in Oregon, 
A R H. Babcock Commonwealth Engr., vol 


is, no. 10, May 1, 1931, pp. 381-354 First 
treatments with asphaltic oil or tar; use of heavy 


onl road mux treatment bitumimous macadam 
construction design for new foundations and 
wearing course cost of various types of treat 


ment: non-skid treatment for black pavement 


SEWERAGE AND SEWAGE DISPOSAL 
Disrosat Great Chelten 
ham Sewage Purification Works, J]. 5. Pickering 


Surveyor, vol. 79, no. 2,052, May 22, 1931, pp. 
50-580, 1 fle Account of operation of Chelten 
ham sewage purification works over period of 16 
vear orporation owns two sewage farms, hav 


ing irrigable area of 330 acres; sludge disposal; 
treatment of gas-works liquors; operation of 
works; annual cost of disposal 

DrsPosaL PLANTS, OPERATION Operation and 
Control of Sewage Treatment Plants Mun. 
‘Sanitation, vol, 2, no. 6, June 1931, pp. 292-295, 

fig Operation of sewage plants contact 
bed secondary or final settling tanks; sludge 
drying bed sand filters: disinfection of sewage 
effluent with chlorine simple laboratory 
methods: directions for making test for residual 
chlorine Concluded 

Drsposat PLANTs, Orrawa, Kans. Flooding 
of Sewage Works Prevented by High Freeboard, 
F. M. Veatch. Eng. News-Rec., vol. 106, no. 23, 
lune 4, 1931, p. 927, 2 figs Data on new Ottawa, 
Kans., activated-sludge plant designed to be safe 
from flooding sewage flow line 10 ft. above 
ground; exposed walls faced with hollow tile; 
population served, 12,000; cost of construction 
$100,000 

lackine. Jacking a Storm Sewer Under a 
Busy Street in Nashville, F. Beazley Pub 
Works, vol. 62, no. 6, June 1931, pp. 51-52 and 
83, 5 figs Jacking of 52-in special diam), 
10-eage Armco corrugated pipe under Eighth 
Avenue 

PumPINnec PLANTS, Destcn. Pumping Stations 
at Sewage Plants, C. K. Mathews Can. Ener., 
vol. 60, no, 19, May 12, 1931, pp. 27-28. Con 
ditions encountered at disposal plants and meth 
ods employed in taking care of them; design of 
pumping stations, capacity of pumping stations, 
septic action automatic operation, sewage 
pumps. Before Sixth Annual Water and Sewer- 
age Conference 

RUSSIA The Water and Sewerage Works of 
Moscow, U.5S.S.R I. S. Walker im. Water 
Works Assn Journal, vol. 23, no. 5, May 1931, 
pp. 678-688. Indexed in Engineering Index 1930, 
p. 1590, from Engrs. and Eng., Nov. 1930. 


STRUCTURAL ENGINEERING 


Arcues, DesiGn Semi-Circular Arches, G. H 
Hargreaves Surveyor, vol. 79, no. 2,052, May 22 
1931, pp. 555-558, 7 figs. General principles; 
tensile stress; determination of loads and effects; 
live load moments and thrusts at crown and 
springing; preliminary design; influence lines for 
bending moments; necessity for checking design 

Beams, Desion Reaction, Shear, and Mo 
ment Chart, E. McCullough. Eng. News-Rec., vol 
106, no. 20, May 14, 1931, pp. SI8-SI19, 1 fig 
Construction of chart and method of using it, to 
obtain reactions, shears, and moment at any 
point on span 

Brick Radial Brick Chimney 
Construction Can. Ener., vol. 60, no. 23, June 9 
1931, pp. 19-22, 7 figs. Chimney built for Inter 
national Nicke! Company, Canada, is 510 ft. hich 
and 45 ft. inside diameter at top; radial brick 
used throughout, stre calculations; properties 
of materials, labor and transportation features 


SURVEYING 


MINES Precise Shaft Surveying-—-A Factor 
in Achieving Efficient Ore Hoisting, A. B. Black 
ene. and Min. Journal, vol. 131, no. 11, June 8 
1931, pr 496-409, fies Previously indexed 


from Australasian Inst. Min. and Met Pros 
Sept 1930 

Roap Desion, Mars Aerial Maps 
Aid Parkway Construction, | D. Bell kn 
Ne R vol. 106, no. 24, June 11, 1931, p. O83 
Notes on use of aerial topographic maps in plannin 
Long Island State Parkway, maps prepared to 
scale of 1 in sow ft were first used in 
vclecting alignment harmonizing with natural 


beauty of territory traversed 


PHRODOLITES The Pavistock Theodolite 
ngineering, vol. 131, no 3,411, May 29, 1931, pp 
696-698, 8S figs Instrument made by Cooke 


Troughton, and Simms, Vork, Eng, is intended 
to take the place, in accurate survey work, of all 
but largest instruments used in primary triangula 


tion; it gives readings direct to one-second of 
an arc, although its total weight is but 11'/« Ib. 


TUNNELS 

Supway Consrrvcrion, Buenos  Arres 
Buenos Aires Subway 4.6 Miles Long Built in 
Twenty Months. Eng. News-Rec., vol. 106, no 
23, June 4, 1931, pp. 923-926, 9 figs. Report on 
construction of first section of Lacroze line; 
second section is under construction; part of 
route in tunnel; “Tosca’’ banks stand vertical 
in open-cut work; design of station in tunnel 
and of tunnel section between stations; diagram 
of progressive operations in tunnel driving and 
lining; tunnel-arch forms; excavating with clay 
spades. 

Water Surrry, Dearporn, Micn. A Two- 
Mile Industrial Water Tunnel. Sci. Am., vol. 
144, no. 6, June 1931, pp. 404-405, 6 figs. Tunnel 
being constructed for main power plant of Ford 
Motor Company, Dearborn, Mich., will have 24- 
hr. capacity of 1,000,000,000 gal. and will not 
only provide more cooling water for condensers, 
but water at lower temperature than heretofore 
available; it is a true cylinder with inside diame 
ter of 15 ft. and outside diameter of 21 ft.; lining 
is made up of two thicknesses; outer is composed 
of interlocking cement; inner lining is of mono 
lithic concrete; tunnel is 12,000 ft. long and is 
located 60 ft. below surface of ground. 


WATER PIPE LINES 

Srrenctn. How to Determine 
Collapsing Pressure on Pipes. West. City, vol. 7, 
no. 6, June 1931, pp. 30-31. Construction of 
alignment chart based on formulas by 
Stewart for modern lap-welded Bessemer steel 
tubes numerical examples illustrating use of 
chart 
WATER TREATMENT 

ANAL Ys1s, Istanps. Artesian-Well 
Waters in Manila and Neighboring Municipali- 
ties, R. H. Aguilar and L. Ocampo. Philippine 
Journal Science, vol. 45, no. 2, June 1931, pp 
151-179, 1 map on supp. plate. Collection of 
samples and chemical analysis of samples; tem- 
perature of air and of water; rates of flow; map 
showing location of wells. 


CHLORINATION, CONTROL. 
Photo-Electric Control of Chlorine Feed, J. H. 
Harrington im. Water Works Assn.—Journal, 


vol. 23, no. 5, May 1931, pp. 736-739, lfig. De- 
scription of apparatus of Montreal filtration 
plant, controlling chemical feed of chlorine and 
alum; two color cells and two photo-electric 
cells are optically opposed on either side of com- 
mon point source of light so that beams after 
passing through color cells are intercepted by 
light-sensitive cells; interval schedule for photo- 
electric control; relation of residual chlorine to 
developed color and galvanometer current. 


FILTRATION MATERIALS, SAND SHRINKAGE. 
Observations on Filter Sand Shrinkage, W. M. 
Wallace, R. Hulbert, and D. Feben. Am. Water 
Works Assn.—Journal, vol. 23, no. 6, June 1931, 
pp. 870-889 and (discussion) 889-895, 8 figs. 
Recent experience in Detroit with washing filters 
at exceptionally high wash rates; use of maxi- 
mum wash after sand cleaning; cleaning sand per- 
mits higher wash rates; mud shelf formation re- 
tarded and shrinkage reduced; filter beds com- 
posed of finer sands are kept clean; clean filter 
sands give longer runs; shrinkage theory; elec- 
trode and circuit for measuring loss of head; ex- 
treme and moderate sand shrinkage; relationship 
between sand shrinkage and horizontal pressure 
component, during filter run. 

Iron Removat. The Iron Removal Plant at 
Kokoma, Ind., F. P. Stradling. Am. Water 
Works Assn.——Journal, vol. 23, no. 6, June 1931, 
pp. 906-909. Description of plant consisting of 
aerating system, filter plant, clear water basia, 
wash water tank, necessary pipe lines, and sewer, 
costing $56,000, water supply from 11 deep wells 


MAMARONECK, N.Y Ferric Iron Coagula 
tion, A. Potter and W. I. Klein. Am. Water 
Works Assn.—Journal, vol. 23, no. 5, May 1931, 
pp. 719-727. Indexed in Engineering Index 
1930, p. 1881, from Water Works Eng., June 18, 
1930 

Sortentnc, Iowa. Water Softening Plant 
Employs Pumped Recirculation for Chemical 
Mixing, H. N. Jenks Eng. News-Rec., vol. 106, 
no. 26, June 25, 1931, pp. 1061-1063, 4 figs. De 
scription of Fort Dodge, Iowa, iron-removal and 
water-softening plant aerator combines actions 
of cascade and flowing stream; softened water 
recarbonated prior to final sedimentation; filter 
gages are electrically operated; flocculation takes 
place in mixing tanks where spiral flow is in- 
duced; design characteristics of plant 

SorTentnc, Untrep States. Water Softening 
Practice, C. P. Hoover im. Water Works Assn 

Journal, vol. 23, no. 6, June 1931, pp. 826-833 
Indexed in Engineering Index 1930, p. 1870, from 
Eng. News-Rec., May 22, 1930 

Taste AND Opor ReMovat Activated Car- 
bon Removes Tastes and Odors from Water, C. E 
Trowbridge Pub. Works, vol. 62, no. 6, June 
1931, pp. 19-20 and 60, 2 figs. Experience of 
South Pittsburgh Water Company and of City 
of New Castle Water Co., with use of Nuchar 
carbon 


WATER WORKS ENGINEERING 

Derrectation. Common Sense the Prime 
Essential in Determining the Depreciati 
of Water Works, G. W. Biggs. Water Works 
Eng., vol. 84, no. 10, May 20, 1931, pp. 655-654. 
730 and 733, 1 fig Actual versus theoretica! 
depreciation ,; obsolescence ; accrued method 
found reasonably accurate; improvement ig 
methods of determining valuation of water 
works properties. 


Desitcn. Essential Steps to Be Taken in Pr 
tecting Cities Against Drought, F. R Berr, 
Water Works Eng., vol. 84, no. 12, June 17, 19 ‘] 
pp. 881-882 and 905. Some lessons that recent 
shortage of water impressed upon water works 
profession; need for better rainfall records: four 
typical examples of effects of drought; need for 
e-appraising customary design assumptions: 
heavy expenditure to correct temporary condi. 
tion not justified. 

Lessons from the 1930 Drought, pay F. Laboon 
Eng. News-Rec., vol. 106, no. 21, 1931, pp. 836 
838, 3 figs. Experiences of number of water 
tems; basic design assumptions must be revised 
zero yields, high maximum-average consumption 
ratios, and quality depreciation are main factors 
affecting water service in times of shortage. 


EMERGENCY CONSTRUCTION Quick Work in 
Meeting Drought Emergency at San Francisco, 
M. M. O'Shaughnessy. Water Works Eng., vol 
84, no. 10, May 20, 1931, pp. 663-664 and 773- 
738, 9 figs. Recent well drilling by Spring Valley 
Water Co., in 1924; construction of connection 
with East Bay Municipal Utility District, con- 
sisting of 35,000 ft. of 44 in. by */win and 
32,000 ft. of 36 in. by */«in. welded steel pipe 
with asphaltic coating and protective wrapping 


Emercency Safeguarding Emer 
gency Water Supplies, L. H. Enslow. Eng 
News-Rec., vol. 106, no. 21, May 21, 1931, pp 
838-841, 5 figs. Necessity of preparedness in 
providing adequate treatment for inferior sup 
plies when their use becomes unavoidable; avail 
ability of emergency equipment; emergency 
chlorinators; danger of overdosing; emergency 
filter plant at Asheville, N.C.; manganese and 
iron in water supplies; equipment for feeding 
chlorinated lime; combating taste troubles 


Fiorra. A New Source Supply for Orlando 
Fla., C. F. Underhill. Am. Water Works Assan — 
Journal, vol. 23, no. 6, June 1931, pp. 851-856 
Description of supplementary supply from Lake 
Underhill; lake is circular in form; shore line 
area at high water is 175 acres; average depth 
20 ft.; cost of acquiring and developing new 
supply $155,494. 

Germany. Der Ausbau des Wasserwerks 
Tegel (Development of Tegel Water Works), 
Proth. Gas und Wasserfach, vol. 74, no. 18, 
May 2, 1931, pp. 398-406, 10 figs. Recent his 
tory of Tegel Lake unit of Berlin water works 
description of lake shore wells and electrically 
operated pumping plant, having capacity of 3,000 
cu. m. per hr. against head of 70 m. 

MAINTENANCE AND Reparr. The Round 
Table Water Works Eng., vol. 84, no. 11, June 
3, 1931, pp. 821-822 and 841. Practical dis 
cussion of handling of emergency repairs, such 
as broken main or hydrant; truck equipment 
simplifying detail work. 

MANAGEMENT. Development of Wells and 100 
Per Cent Meterage to Improve Operating Facili- 
ties of a Small Water Company, V. B. Siems 
Water Works Engr., vol. 84, no. 10, May 20, 1931, 
pp. 661-662, 734 and 737, 1 fig. Experience of 
Laurel Springs, N.J., Water Works Co.; tests 
show how output of wells can be increased; meter- 
age will reduce consumption; saving in operating 
expenses; test of wells; study as to proper size 
pump to use; operating expenses of proposed 
plant 

Pa. The Pittsburgh Water 
Works—lIts History, E. E. Lanpher and V. M 
Finch Water Works Eng., vol. 84, no. 10, May 
20, 1931 PP 651-652 and 5 pp. between pp 
746-754, 14 figs.; see also Water Works and Sewer 
age vol 78, no. 5, May 1931, pp. 109-113, 9 figs 
History of water works since 1802 and description 
of modern plant, including filters, pumping sta 
tions, and distribution systems 


ReconstrucTION. Old Concrete Pump Pit 
Transformed into Modern Water Plant, H. K 
Bell Water Works Eng., vol. 84, no. 12, June 17 
1931, pp. 879-880 and 909, 4 figs. Description 
of improvements made to water system in Louisa, 
Ky., at minimum cost; introduction of meters 
reduces pumping time. 

UNDERGROUND 
The Water Supply of Manila from Underground 
Sources, L. A. Faustino. Philippine / —— 
Science, vol. 45, no. 2, June 1931, pp. 119-149, 
figs. partly on supp. plate. Survey of geological 
formations; source and movement of ground 
water, occurrence of ground water; development 
and utilization; logs of wells. 

Unirep States. Drought Problems Studied 
by A.W.W.A. Eng. News-Rec., vol. 106, 1 23 
June 4, 1931, pp. 935-938. Report on meetings 
of 5lst annual convention of American Watet 
Works Assn.; abstract of papers and dis« sions 
on drought problems; taste and odor remov® 
special Pittsburgh problems; distribution 
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